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SUMMARY

The reproducibility of standard fiber counts in the Caubridge laboca-
tory was determined. Variables such as operators, equipment, and technolo-

gies were included..

It is concluded that the Cambridge laboratory showed a variation of
less than 15% of the totel fiber counted. The reproducibility in such a
range is considered’ exceanu compared with those described in publications

(genera.lly 1&0-50%) o |
Bty oL -!»“' ".._5# ~~t—§‘ﬁ'§ .-p-. ‘:'W 23,2 gl k. - i

. . Recent I.:.'bby lab samples were a.lso counted 1n our lab a.nd used in the
study for dlscussion. : .

BACKGROUND D.‘IFORMATION

The counting ha.s been carried out in the Cambridge laboratory by two
operators, trained originally by F. G. Serafin. Facilities availZble for
counting is a phase-contrast microscope of Bausch & Lomb, DynaZoon model;
and also a TV viewing screen attachment by Techni-Quip Corp., so that an
operator ‘can either count the fibers directly with the microscope or count

the fibers on the projected TV secreen.

It is necessary to know the reproducibility and accuracy of our meas-
urements in order to meet the OSHA and MESA requirements. Unfortunately, as
far as we know, there is no primary stzndard available on the market which
will allow us to check the absolute accuracy of our method. The only way we
can determine whether we have reliable results is the verification of count-

ing specific sa.m;lxlqs by several experienced personnel.
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CRITERIA 03630480
It is very difficult to decide (1) whether the fiber being counted is a true
fiber even though the aspect ratio is greater than 3 to 1, (2) whether the

size of fiber should be counted at all. For example, slivers of vermiculite
or plates standing on edge should be avoided; the judgment is mainly based

on experience and knowledge of microscouy.
Based on Field Information Memorandum #74-92 of OSHA (issued 11/21/ 74), the

raximum diameter of a Ffiber to be counted is 3 u, and the meximum length of
a fiber to be counted is 30 _u. The Memorandum from MESA issued 12/13/7Th is

about the same except the maximum length of fiber to be counted is 25 .
In the Cambridge laboratory we have used the following guidelines:

1) particles must appeé.r to be fiberous rather than as crystals or
slivers, .

2) +the maximum diameter of a fiver to be counted is 3 micronms,

3) the minimm length of a fiber to be counted is 5 microns,

4) +the maximum length of a fiber to be counted is 30 microns,

5) the length to width ratio must be 3 or more to 1.

6) the separate or individual fibers must contain fibrils; a
£ibril cannot be subdivided and would be counted as one if i

it mects the other criteria.

7) The basic number of fields to be counted is 50, and if no
fibers or only one fiber is found in counting the first tetr
fields, then 100 fields should be counted.

EXPERIMENTAL DATA
In these tables the

All the counting data are presented in Tables 1 to 6.

average variations in % are calculated and presented.

Effect of different viewing equipment with the same operator.

Effect of same viewing equipment with different operators:

. (a) Microscope (b) TV screen

Table 3. Effect of the same viewing equipment and the same operator.

Table k. Summarized results of Tables 1, 2, and 3.

Table 5. Statistical study of Cambridge results on counting Sa.u@les T

| from the Libby lab. . : R
Comparison of the results fro:n Libby laboratory and Cambridge

laboratory.

Table -
Table 2.

Table 6.

15102622 )
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DISCUSSION 03630481

Regardless of the variables employed, the Cambridge laboratory showed less
than 15% variability in the counting data, and the average standard devia=
tion of 20 samples is 0.1l8 fiber per cec.

According to a few papers published in this area (Ref. 1 and 2), the

standard deviation of the results varied between 0.4 -1.2 f/cc, under the
field conditions, and 0.2 f/ cc under ideal laboratory conditions. Another
_paper cited the coefficient of variation to be about * 20%, and the maximum
can be * 50%. Based on these results, the Cambridge data looked very. respect-

able.

In verifying the Libby data as shown in Table 6, the Libby counting results
are consistently higher (in fact, about 2X) than the Cambridge results.

(H. Eschenbach and F:nSerafin counted 5 samples and their results are .in-
between) but-closer to!the lawer values of the Cambridge lab.)

It is possible that the two laboratories are using different criteria to
identify the fiber or select the fibers for counting. The more likely
explanation of the difference is because the fllter Cambridge received =~

“yere the ones -Libby had-cut-a’gection off of; “for evaluation.  In this ' “**%-
operation, the filter surface has been disturbed and some fibers may have
fallen off resulting in lower fiber values. However, another factor is that
in this group of samples (from Libby lab) the range of fiber length was very
large, wider than usual; there were wany fibers much greater than 30 a and -

-- also manmy less than 5 }1, but close to 5 ;.1 s1ze. In our procedure these should

not be counted.
- -
RECOMMENDATION

To check the discrepancies between Libby and Cambridge laboratories,
lowing actions are recommended:

the fol-

1) The Cambridge-prepared slides of Libby samples from T&A 49930 will be
sent back to ILibby for cownting.

2) A second set of Cambridge-prepared slides (T8A 49561-2 samples from
Portland, Oregon) will be sent also to Libby for counting. This group

has very different fiber length distributions and fiber density than

the group from Libby. .

Iibby-laboratory~prepared slides of T&A 49930 will be sent to Camhridge '

3)
for countlng ’ UL T . R e . . - . o ~ N - Ay o1 y . . !
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4) .The Libby samples (in casettes) for T&A 49930 will be sent back to
. Libby for re-evaluation, which would show the effect of transporta-

tion and filter handling on counting.
5) After all the counting results are compiled, decisions will be made
- on how to equalize our results.
6) 1In addition, the calibration factors for both laboratories will be
rechecked.

REFERENCES

Oortiz, L.W.; Ettinger, H.J.; and Fairchild, C.I., "Calibration
Stahdards for Counting Asbestos”  J.. Am..Ind.
Hygiene Assoc. pp. 104-111 (Feb. 1975)

2. Rajhans, G.S.; and Bregg, G.M. "A Statistical Analysis of Asbestos
Fiber Counting in the Laboratory & Industrlal Environ-
ment”  J. Am. Ind., H;fgz.ene Assoc‘. ... PP. 909-915
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3. General:
' a. Memorandum MESA 12/13/74
b. Field Information Memorandum OSHA #74-92 11/21/7h

Procedure for Fiber Counting by F. G. Serafin 2/23L76
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Construction Products Division

TABLE I 03630483
EFFECT OF DIFFERENT VIEWING EQUIPMENT ON REPRODUCIBILITY
OF COUNTING BY A SINGLE OPERATOR
(Reference: T&A 49561-2 Operator: J. Foley)
A)
Sample MEAN VARTATION VARIABILI
No. TV Microscope ( fz 1 Xi - Xi ﬁ )
1 h.3) 3.8 4,055 0.255 6.29
2. 0.11 <0.11 0.11 0 o
3. 0.68 1.20 0.94 0.26 27.66
k. 2.17 2.62 2.395 0.225 . 9.39
5. 3.48 3.76 3.62 0.14 ~3.87
6. 1.82 1.94 1.88 0.06 3.19
7. 0.17 0.17 0.17 0 0
8. L.72 3.75 4.235 0.485 ©o11.bs
9. 0.1k 0.29 0.215 0.075 34.88,
0. - - 0o4 v - .00 T 0.04 T T 0 e e T OREGReal  r
11. . 1.51 0.88 1.195 0.35 26.36
C . av:  1L.19%
(Reference: T&A hol3l Operator: J.P.Wallace)
Sample ) ' - .
No. v . Microscope (X) 1xi - X1 %
1. ) 2.64 k.08 3.36 0.72 21.43
2.  2.53 3.29 2.91 0.38 13.06
3. 2.61 3.25 2.93 0.32 10.92
k. T 3.h2 4,10 3.76 0.34 . 9.04
5. ©5.2h 3.87 L. 555" 0.685 - 15.04
6. 3.19 2.96 3.075 0.115 3.74
T. 2.28 2.10 2.19 0.09 k.10
8. 2.61 3.69 3.15 ’ 0.5h - 17.1h
9. 3.23 3.2 3.325 0.095 2.86
10. 1.67 2.58 . 2.125 . 0.455 B TR RO
11. k.20 © 291 . © 3.555 0 0.645 ot 18 LSRRG T
12. 3.94 %.10 L. Ok 010 248
13. 1.77 k.30 3.035 1.265 11.68 . -
av: I13.93%

15102625



From:- J. C. Yang
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GRACE mams 2

EFFECT OF DIFFERENT OPERATORS ON REPRODUCIBILITY USING

Construction Products Division

THE SAME VIEWOG EQUIPMENT 1630484
(Reference: T&A 49561-2) 036304
A) Microscope Viewing :

Sample MEAN VARTATION VARTABILITY
No. Operator 1 Operator 2 (X) (X -X| % .
1 3.80 3.08 3.44 0.36 20.47

2 <£0.11 £0.11 0.11 0 0
3 1.20 0.68 0.94 0.26 27.66
L 2.62 1.60 2.11 0.51 2h.17
5 3.76 3.36 3.56 0.2 (5,62

6 1.94 1.94 1.94 o 0

7 0.17 0.17 0.17 o . 0
8 3.75 k.23 3.99 0.24 6.01
9 0.29 0.1% 0.215 0.075 34.88
10 0.04 0.09 0.065 0.025 38.46
11 0.88 0.98 0.93 0.05 5.38
: : av. 12.23%

(Reference: T&A L9l31)
B)Sa.mpl‘g o . “ e ,‘~-'.'.".-‘-'.=-r4ﬂ,',.t~""'2'-.-:-"'<= s .§ .. ’ ot '--*-'._:__~_, o et Tz et T

No.” Operator 1 ~ Operator 2~ (x) 1xXi - Xt ‘ 4
1 3.12 4.08 3.6 0.48 - 13.3
2 3.0% . 3.29 3.17 0.12 3.79 i
3 3.26 . 3.25 3.26 0 o -

L k.10 ' k.10 k.o 0 ‘ o

5 3.65 3.87 3.76 0.11 *  2.93
6 2.74 2.9 2.85 0.11 3.86
7 2.46 2.10 2.28 0.18 " 7.89
8 2.17 3.69 2.43 1.27 52.26
9 3.k2 3.42 3.k2 o 0

10 2.28 -2.58 2.43 0,15 6.17

11 ho7h 2.91 3.58 0.67 18.72
12 ¢ 3.11 L.k 3.63 0.51 k.05
13 2.79 k.30 - 3.55 0.75 21.13

av. 11.084.

- . - " 24 . kA
i T T T e T Lt TN, &
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‘ From: J. C. Yang
12/9/76

GRACE

Construction Products Division

TABLE 2 (continued)

03630485
B) TV Screen Viewing
a) (Reference: T&A L9h3l)
Sample MEAN _
No. Operator 1L . Operator 2 x) jXi - X| %
1 1.68 2.64 2.16 0.48 22,22
2 3.80 2.53 3.17 0.635 20.06
3 3.91 2.61 3.26 . 0.65 19.94
L 3.65 3.h2 3.54 0.115 3.25
5 3.65 5.24 k. hs 0.795 17.87;
6 1.25 3.19 2.22 0.97 " 43.69
7 2.46 ' 2.28 2.37 '0.09 3.80
8 % o 3.26 o 2.6k 2.9k e g 0,325 - 110 L e .
9 3.61 3.23 3.2 0.19 5.56 :
10 2.13 1.67 1.90 0.23 . 12.10
16 3.28 k.20 3.7h4 0.46 12.23
12 2.28 3.94 3.11 . ©0.83 = 26.69
13 1.39 1.77 1.58 0.19 « 12.03
av: 14.49%
;
7 L. R s el
15102,




_Erom:. J. C. Yang

12/9/76

GRACE

Construction Products Division

TABIE 2 (coatinued)

‘ 03630486
b) (Reference: T&A 145920) .
Sample MEAN _
No. Operator 1 Operator 2 (X) - 1Xi - X | 9,
1 1.32 1.6k 1.48 0.16 10.81
3 3.70 - 3.h9 3.595 0.105 29.17
L 0.90 0.77 0.835 0.065 - 7.78
5 0.91 1.00 0.955 0.045 b.T1
6 0.54 0.5k 0.54 0 -0
7 1.16 1l.k2 1.29 0.13 10.07
8 0.99 1.16 ©1.075 0.085 7.91
9 1.17 1.15 1.16 0.0L 0.86
10 0.96 1.03 0.995 0.035 3.52
11 ' 1.h43 1.18 1.305 0.125 9.58
12 0.22 0.33 0.275 0.055 20.0
.18 g 02+ . 05k . ..o 048  0.06 ..  12.5,
19 0.19 0.25 0.22 0.03 13.64
20 0.02 ‘ 0.05 0.035 0.015 42,86 L
21 0.34 0.2 - 0.029  0.005 17.24 -
22 0.31 - 0.26 0.285 0.025 8.77
23 0.42 0.36 ‘ 0.39 0.03 - T7.69
2h 0.40 0.38 ' 0.39 0.01 2.56
25 0,15 0.20 0.175  0.025 k.29
26 0.28 0.28 0.28 ) 0
av: 11.20%
627

108700227




" From:* J. C. Yang
- 12/9/76

GRACE oABIE 3

EFFECT Oif REPRODUCIBILITY USING THE
SAME EQUISMENT AND THE SAME OFPERATOR

Construction Products Division

o
(Reference: 124 49930, Operator: J.Foley) 03630487

A) Microscope Viewing

Sample . _
No. Trial T Trial IT X 1xi - X 9
1 2.02 . 1.58 1.9 0.22 11.58
3 4.95 5.32 5.135 0.185 ~ 3.60
L 1.26 1.30 1.28 0.02 1.56
5. 1.43 . 1.00 1.215 " o0.215 17.70
6 0.83 0.81 0.82 0.0 1.22
vé 1.80 1.53 1.67 . 0.1k 8.38
8 1.k2 1.6 ©1.ny 0.02 1.39
9 1.55 "1.53 - 1.54 0.01 0.65
10 0.75 0.68 . 0.715 0.035 - 14.90
1L 151 . . 2.0 1.79 0.28 15.64
BT R 02.";“3* mo-3l . 50.29 o 0.02 4 _,6.9’_: ..
18 0.37 ~ 0.58 0.475 0.105 22.11
19 ©0.27 0.29 0.28 0.0 °~ 3.58
20 ' 0.04 - 0.02 0.03 . 0.0L ~ 50.0
21  0.35 '0.28 © 0.33 0.05 15.15
22 0.35 0.29 0.32 0.03 , 9.37
23 0.h48 0.50 0.49 0.09 18.37
2k - 0.26 0.20 0.23 0.03 13.0%
25 0.17 0.12 0.145 0.025 17.2k4
26 ‘ 0.20 0.20 0.20 0 0
av: 8.8T%
.
15102628 ]



From: J. C. Yang
i 12/9/76

GRACE

Construction Products Division

TaBi= 3 (continued)

EFFECT OF REPRODUCIBILITY USING THE
SAME EQUIPMENT AND THE SAME OFERATOR

(Reference: T&A 49930, Operator: J.Foley) 03630485

B) TV Screen Viewing

Sample
No.

1 1.32 1.73 1.52 0.20 13.16

3.70 5.27 4.485 0.785 17.50

0.90 0.73 0.815 0.088 10.452
0.91 1.18 1.045 0.135 12.92

0.54 0.76 0.65 0:11 16.93

1.16 ' 1.46 1.31  0.15 11.k5
0.99 ' 1.16 1.075  0.085 7.91

o 1.17 103 0 11 007 = 636
10 0.96 0.83 ~ 0.8¢5  0.065 - T.26
. 11 Lot A1~.'ll'-3¥'='."-'":‘~"'}5:""’:"‘“: ]_,77., 216 o ."-_'--O..l7 ::_'57'4=:r:e:a52.:_‘« s .._lg.»63_4;.:;' :
12 0.22 . ok - 031 0.09 - 29.03

18 0.h2 0.50 0.46 0.0k o 8.70
19 - - 0.19 0.2¢  0.2% 0.05 2.08

20 ' p.02 .02 0.02 o Lo’

o 0.3% 0.28 ~0.31  0.03 - 9.68

22 ©0.3L° 0.20 0.255  0.055 21.57

23 0.%0 0.36 0.39 0.03 7.69

ol 0.k0 0.28 0.34 0.06 17.65

25 " . 0.15 0.12 0.135 0.015 11.11

26 - 0.28 0.33 " 0.305 0.025 8.20

Trial I Triel IT X jXi - X1 %

VO N OV oFwWw

podenge LS = L7 AN & Poft N v
T i, P PRy ed e, @ UTATSE R, 0 a0
Y.or 2 Rt S S M SO L

15102629
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From: J. C. Yang
- 12/9/76

GRACE

Construction Products Division

TABIE b

SUMMARTZED RESULTS OF TABLES 1,2 & 3

03630489
VARIABIES  CONSTANTS % VARTABILITY Ave.
Viewing equipment Operator 11.19 3
Viewing equipment Operstor 13.93 } 10.85
Viewing equipment Operator T.h2
Operator Viewing Equipment—Microséope 12.23 1
u.66
Operator Viewing Equipment-Microscope . l}..~08 7
. Operator . . .. ..Viewing Equipment - TV _ o 1khg Z( s
Operator Viewing Equipment - TV 11.20 )i
Repeats, view- ~ Viewing Equipment, operator -Misc. 8.87
ing fields Viewing Equipment, operator - 1V 12.06
. A
Average Total Variability 11.39%

RPRACTAA T e T

15102630
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From:

J. C. Yang
12/9/76

GRACE

Sample

No.

OV ®~N VW o ow

1

12
18
19
20 -
21
22
23
o
25
26

Mean

1.64
" Lh.51
0.99
1.06
0.67
.45
1.19
1.2k
0.88
1.03
0.3L

L 0."-‘9-"'1:‘2' Yl

0.24
0.03
0.29
" 0.28
R
0.30
0.15
0.25

STATISTICAL STUDY O COUNTING DATA

TABLE 5

OF LIBBY SAMPLE AT CAMBRIDGE
(average of 6 countings * )

Variance

av:

0.05
0.63
0.06
0.06
0.05
0.02
0.05
0.05
0.06
0.02
0.h7

1.

. :4..:.:_;'.6._001; R

0.006
0.003
0.0002
0.003
0.00k
0.006
0.001
0.003

075

Construction Products Division

*Reference (Table 1C, 2Bb, 3A and 3B)

03630480
Standard Standard
Deviation Error of Arith. Mean
0.23 0.095
0.79 0.32h4
0.24 0.099
0.22 0.089
0.1k4 0.057
0.22 0,088
0.22 0.088
" 0.2k 0.097
0.1k 0.06
0.68 0.216
0.06 0.025
0.08 “0.032 -7 e LK
0.05 0.021
0.01 0.005
0.06 0.023
0.05 0.021L
0.06 “0.025
0.08 0.031
0.03 . 0.012
0.05 0.021
0.18 -
’ o sy
15102631



. Construction Products Division

GRACE

PABIZ 6
COMPARTSON OF LIBBY COUNTING DATA 03630491
WITH CAMBRIDGE COUNTING DATA
(Reference: T&A 49930)
Sample No. Libby Cambridge” _@j* ~ _resT z,;lak.,‘r;a;.
1 3.85 1.6 2.75 200
3 8.43 k.51 5.93  5.37 480
L 2.07 0.99 -
5 2.50 1.06 1.62 | froe
6 1.86 0.67 ‘ 2.0
7 2.82 1.45 131
8 2,18 1.19 .51
9 2.72 1.2 ‘ﬁ%.
10 2.70 0.88 1
11 2.7 1.03 ‘ —
12 - 0.63 0.31
18 1.8 0.9
19 0.8, T ghaly -
20 0.4h7 0.03
21 0.76 0.29
22 0.73 0.28
23 - 1.59 0.2
24 0.93 0.30 -
25 0.69 0.15
26 1.20 0.25 0.30

* .
The Cambridge data is the meen of 6 countings made by 2 operators, 3 on
™ and 3 on microscope. The values were different from those shown in
T&A 49930 in which samples 1, 3, 4, 5 were average of 4 countings, and

the remainder were average of 2 values; subsequently, more countings were

made after the report was issued. Also, value for sample 1 in T&A 49930

should be 1.66 instead of 2.66 (written error).

**ME - Counting made by H. Eschenbach

Tras - counting mede by F. G. Serafin °

15102632



Construction Products Division

GRACE

03630492
T0: H. C. Duecker DATE: December 14, 1976
H. A. Eschenbach
SUBJECT: Correction for TRA 49930

R. H. Locke

J. W. Wolter

R. L. Oliverio/CFD Libby
File: 71-046

FROM: J. E. Foley

ce: J. C. Ya&x

The correct fiber count for sample 10-4-76-1 should

be 1.66 (average value of I separate counts - namely,
1.32; 1.73; 2.02 and.1.58) instead of 2.66, a written error.

J. E. Foley

JEF :mly ' % %: . u&

15102633
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_ ADMINISTRATIVE RECOR;:

Lrvvree 2o
e : ‘ NUMBER: 49189
REQUEST FOR TECHNICAL SERVICE: GROUP: 70NOLT'TE
R ACTUAL CO3'f:  $2500.00

CONFIDENTIAL.  REFORTING DATE: _ May 26, 1977

SUMMARY : 03627765
Three bags of stendard MK-U4 produét from plant locations in
California from Los Angeles, Santa Ana, and Newark), and four MK-5
samples (from Los Angeles, Santa Ana, and Omaha) have been examined

for their tremolite content.

A1l seven samples as received showed no detectable tremolite

fiber content by x-ray determinations (our detection limit for
tremolite is 0.2%). However, the materials were fractioned; glass
fibers were mostly retzinzd on a +6 mesh screen, vermiculite was
floated off; most of the plaster of Paris was dissolved in water; and,
CEIIF fibers and organic matter were burnt off. The concentrated :

fines, collected on Millipore filter of 0.k45 A, showed the presence
of trace amounts of tremolite fiber in two of the trace MK-I samples

(Santa Ana and Newark). By petrographic microscopic examination,
this was estimated to be less than 0.C15% of the total sample.

The concentrates were then submitted to Arthur D. Little, Ine.,
for transmission and scanning electron microscopic analysis (TEM and
SEM), selected area electron diffraction (SAED) and energy dispersive

x-ray analysis (EDAX).

By these sophisticated and time-consuming instrumental analyses,

the ‘amphibole fibers were: positively identified and analyzed. On a
mass basis, it was found to be* less then 0.006% of the concentrates.
which corresponded to 1.7 ppm~ (Santa Ana) and 4.1 ppm (Newark) of

the total MONOKOTE® sample weight.

EXPERTMENTALS -

Concentration
The concentration procedure of MONOKOTE is shown in Figure 1.
The results are tabulated as follows: .

4

*
parts per million, or 0.00017%.

20152833
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REQUEST FOR TECHNICAL SERVICE

060Z0X.LH390

Fraction Description ~ Material Present
1 Soluble plaster of Paris
2 +6 Mesh glass fiber
3 -6 +50 - glass fiber, expanded Vm.

some insoluble plaster

2b
NUMBER: 49189

GROUP: - ZONOLTTE

ACTUAL COST: $2500.00

REPORTING DATE: May 26, 1977

03627766

% by weight in each Fraction

MK=l ‘ MK-5

L.A. S.A. Newark ~Omaha new Omaha S.A.

L.A.

(8/76) - (8/76) (8/76) _(8/76) ola  (10/76) (10/76

Y Fines some insoluble plaster, fine n
Vm. and tremolite (7), gypsum 13.7 2.9 6.9 10.7 13.6 T3

X-Ray Diffraction Analysis

28.5 ko.2 k6.0 33.3 37.2 h43.6 4o. b
57.8  56.9 k7.1 56.0 k9.2 L9l 55.3

b.3
100.0%4 100.0  100.0 100.0 100,0 100.0  100.0

No detectable tremolite found in any of the fractions of the seven samples.

Y€8251¢02

TVILN3QIdINOD
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. FUHBER - 49189

GRCUP: ZONOLITE

'REQUEST FOR TECHNICAL SZRVICE:
‘ ‘ ACTUAL COS'T: $2500.00

CONFIDENTlAL REFORTHIG DAT=: May 26, 1977

03627767

‘Petrographic Microscopic Examination

Based on the characlteristic refractive indices and optical properties of
vermiculite and tremolite fibers, using the liguid immersion technique, a
trace of tremolite was found in the -50M +0.45 M portion of Santa Ana MK—h

and Newark MK-l samples.

Analysis by Arthur D, Little, Inc.

Even though the original request made by R. H. Locke was on one MK-4 and
one MK-5 sample, we have decided to do several more since the product from
each plant looked and behaved very differently. The MK-L4 from Newark was very
dense and the vermiculite present was poorly expanded in comparison with the
others. Product from Santa Ana was very bulky and the plaster of Paris pres-
ent in the composition dissolved more readily than the others. .

The two concentrated samples suspected to have tremolite fibers were sub-
mitted to Arthur D. Little for fiber characterization and counting on transmis-
sion micrographs (Figures 2 and 3). Each fiber being counted was analyzed by
SAED (selected aresa electron diffraction) to determine the structure of the

It was found that 25-4%0% of fibers did not yield an SAED pattern indi- -

fiber.
The breakdouwn

cating the fiber was amorphous, mostly organic and glass fibers,
of the fiber types and amounts is listed in Table 1.

Scanning electron micrographs were also taken on some of the fibers. They
are shown in Figures 4 and 5, and energy dispersive x-ray analysis (EDAX) was
employed to analyze the elements present in each fibexr. The results are shown

in Table 2.

CONCLUSIONS and COMMENTS:

The conelusion reached by A. D. Little, Inc. was that the amphibole fiber
content, on a mass basis, corresponded to less than 0.006% of the supplied con-
centrated sample. Letter from Dr. E. Peters of ADL is attached. Computing
the amphibole content in the MONOKOTE samples from Santa Ana and Newark, this
cdorresponds to less than 1.7 ppm and 4,1 ppm, respectively. The level of

tremolite. fiber present was extremely low.
e C Ya.no

ICY:mlr
attachment
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AT T , NUMBER: 19189

REQUEST FOR TECHNICAL SERVICE: . GROUP: ZONOLITE

P ; == CONFIDENTIAL (oo 3250000
REFORTING DATZ: ~ May 26, 1977

TABLE 1 - Fiber analysis by TEM (A.D.Little) 03627768
Sample 2228l-1 Fines Sample 22281-2 Fines
Fraction from Santa Ana, Fraction from Newark,
Fiber Observed MK-U4 Sample MK-4 Sample
Total fibers cbserved 104 ' sh
4 Amphibole 6 ' L
% Other Mineral (mostly gypsum) 33.5 _ 35
9 Ambiguous Mineral (with insuf- ¢
ficient data for positive
identification) 34.5 22
% Amorphous (organic, glass fiber) 26 39
- 1004 1004
TABLE 2 - EDAX Microchemical Analysis of Fibers
Qbserved by Scanning Electron Microscopy (4.D.Little)
Relative X-ray Intensity
Sample 22281-1 : Strong Medium  Weak °  Probable I.D.
Fiber 1 Figure 6a A1 s Mg
Fiber 2 Figure 6b Si, A1 Mg,Ca,S Fe,K ~ amphibole or glass
Fiber 3 - Figure La AL -  Ca,S,8i .. gypsum (7)
Fiber k4 Figure b Si,Al,M=z,S Ca,Fe K amphibole or glass
Sample 22281.-2
* Fiber 5 ‘Figure 3 8,Ca,Al gypsum
,015283°
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CHARACTERTZATION AND PREPARATION
" OF RESPIRABLE SIZED TREMOLITE
FIBER AND VERMICULITE
FOR ANIMAL STUDIES

by: Julie C. Yang

April 8, 1976

20152845
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TO: H. C. Duecker _ DATE: April 8, 1976
FROM: Julie C, Yang SUBJECT: Characterization and Preparation
of Respirable Sized Tremolite
cc: H. A. Brown _ Fiber and Vermiculite
. for Animal Studies

J. W, Wolter’
‘H. A. Eschenbach

R H. Tocke
File: T1-048 L

PURPOSE

The objeetivea of this study are to find out the size distribution and
concentration of the respirable size fibers and vermiculite on the air filter -
collected by the the Industrial Hygiene.and Environmental Health group in the
field, and to prepare the samples corresponding as closely as possible to
these air filter material, for animal studies. :

ATR FILTER STUDY

Several randomly collected air samples from Libby at fairly long time
intervels were collected for fiber contents and submitted to Arthur D. Little

for sizing and distribution studies.

Two ssmples were sent:

Sample No. Collecting Time Fiber Count (Optical/LO Fields)
22260P-1 248 mins. . 0.18 Fiber/cc air
-22260P-2 300 mins. 2.15 Fiver/cc air

The results from Arthur D, Little are shown in Tables 1 and 2, Fig-
ures 1 - 3; and conclusiors reached are summarized as follows:

1) On the air filter the respirable sized vermiculites and tremolite
fibers are roughly in 50-50% ratio.

The respirable size tremolite fibers are mostly less than 10 microns

2)
(< 8% 510 n size), and the geometric mean length of the fibers is

around 3.1 a. ; é
~N
2} mze respirable size vermiculites are also less than 10 P having an (711
‘pverage size about 5 . s
4) fThe aspect ratio of the fibers is in the range of 1l to 15 m. / } - e
5) Computé.tion shows that the fiber counting with SEM (scanning electron v A
microscope )@ 20,000 magnification. The total numbers of fibers found xv

per unit area (1 cm®) is about seven times in number of the fibers gov
found by optical microscope counting at 400 magnification.

S(f/\/\ Lo /X P

20152846
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To: H. C. Duecker ' o Re: Animal Studies
From: J. C. Yang - April 9, 1976

0362779

SAMPLE PREPARATIONS

Aftér we characterized what we have on the air filter, attempts
were made to prepere both respirable sized vermiculite and tremolite fibers

as closely as possible to those found on the air filter.

From previous research work (report on Libby Ore Evaluation - Ore
Impurities, 2/23/76) we have found that Libby #2 vermiculite product has
the highest tremolite fiber content in the order of 5% by weight. Since
the sizes of #2 are fairly and easily to be handpicked, it is used as a
starting source for both tremolite and vermiculite.

. The tremolite fiber bundles picked out from Libby #2 are fairly clean
.and free of rocks, greyish in color, soft, and sometimes waxy in touch. They
broke down easily to fine £ibrils when degraded, which looked extremely
similar to those found on the filter or floating in air in the Libby opera-
tion, which are quite different than the tremolite found in associated veins
in rock form; they are generally harder and harsher, most of which were '

removed in the floatation process,

1) Tremolite Fiber
a) Clesning | |
Tremolite fiber bundles were hand-picked from Libby #2 product, cleaned
with acetone and then distilled water. The bundles were then opened with
Waring Blender for 2 minutes at high speed, filtered and dried in the oven
at 105°C. for about four hours.

b) Milling
' _The oven-dried material was Spec-milled in 0.5 g batch for a total
of 45 seconds; but after each 10 seconds milling interval the mill was

stopped and the material reruffled to avoid excessive packing.

The Spec-milled samples were then chilled in dry ice-acetone batch,
chilling at-low temperature increases the brittleness of the fibers and
makes them easier to be pulverized. The chilled fibers were subjected
to a Wiley mill with a built-in 60 mesh screen, a mill which has been
designed especially for milling fibers. The Wiley milling was repesated
another three times. Between runs the material has to be chilled again

thoroughly with dry ice.

c) -Sedimentation
¢ 0.8 g of the Wiley milled sample (mostly 2—’4}1 in size, some wp to

30 u with some bundles under light microscope) was dispersed in two liters

of distilled water, allowed to stend for 20 minutes; then, decant the

cloudy solution into 250 ml or 500 ml graduated cylinders which were

employed as sedimentation columns, and dilute the solution to twice its

volume with distilled water. The solutions in each column were lightly

stirred and allowed to settle for twenty minutes. The cloudy solution

was then filtered by an HA type Millipore filter of 0.45 a. .However,

the filterate looked ‘extremely clear and showed some small particles under

. the microscope.

068ETX02103
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To: H. C. Duecker Re: Animal Studies
From: J..C. Yang © April 9, 1976

03627780

The solid collected from the beaker and the column were recombined
and treated with another 2 liters of distilled water, poured into columns
and allowed to stand overnight. The cloudy Solution was again decanted
and filtered through the Millipore, Coarse solid remained at the bottom
of the column from the second sedimentation, was filtered and saved for
future remilling. The five fibers collected on the top of the Millipore
were then examined by light microscope. It was found most of the parti-
cles were around 2 )1, and a few long fibers up to 20 P

d) Cleaning and Resizing .- .

_ The finished crude product from step ¢. ‘was redispersed in the order
of 2 g/h liter distilled water, and allowed to stand in columns for over
half an hour. The decanted cloudy solution (about twice as dense as solu-~
tion in step c.) was then filtered through Millipore filter. The solid
left at the bottom of the column was dispersed again, ultrasonically, for
2 minutes in LOO ml water, The milky solution was then diluted to another
§ liters and allowed to settle in colums for'a final 20 minutes. The
fines were collected on Millipore by filtering the decanted liquid, dried
as examined by light microscope. The product has mostly 2 a1 in size, very
few larger fibers but a few up to 10 u. The solid remained from decanta-
tion was again filtered and saved for future remilling.

2) Vermiculite
a. Cleani _
The vermiculite platlets were also hand-picked from Libby #2 product,
cleaned in Soxhlet extractor with isopropyl alcohol, then acetone, and
finaelly water to remove all the trace of organic contaminants used in the
flotation process; then oven-dried at 105°C. for several hours.

b. Milling

The oven-dried vermiculite was then chilled with acetone and dry-ice
mixture, Spec-milled in 2 g batches for 10 minutes. At the end of 5 min-
utes, the mill was stopped and the material was reruffled.

c. Screening

The milled sample was screened with 325 mesh screen. The -325 mesh
product showed the desirable respirabls size. Most of the particles were
2 - 4 », Some large plates were about 10 -15 m. The +325 mesh material
was also collected and saved for fubture remilling.

20152848
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Re: Animal Studies

" To:. H. C. Duecker '
: " April 9, 1976

From:

3)

J. C, Yang

03627781

Proportioning

5 g of tremolite and 5 g of vermiculite, prepared from step 1) and
2) respectively, were carefully weighed out on a semimicro balance, and

then transferred to a I oz. size wide-mouth glass bottle in which some

silver wires were added to break up the powder surface when mixed on a
roller mill. The mixing was carried out for about 16 hours. Because of
the morphology and density difference, it will be swggested to Dr. Smith
that when this sample is being used for animal study, an appreciable
quantity (such as 1 or 2 grams) is taken, then dispersed in the saline
medium ultrasonically, prior to use. The purpose of doing this will
eliminate the localized inhomogenity ard selectiveness of a very small

sample.

_ Characterization

The respirable-sized fibers (2260P-4 and 22250P-5) have been sent
to A. D. Little for sizing and comparison with the fiber found on the air
filter. The results are also shown in Tables 1 and 2, Figures 7 and 8.
Scanning electron micrographs of these materials are shown in Figures 9 -

10. .

Results from A. D. Little and our own microscopic sizing indicated
that the respirable size fibers and vermiculite vhich we prepared are

very similar to those on the air filter. However, sample 22260F-4 is a
fiber sample of finer size, extremely time-consuming to obtain in large

We have then taken a different approach to obtain 22260P-5

quantities.
The two samples of 8 grams each

which is slightly coarser than 22260P-L.
we have  submitted to Dr. W. Smith are:

1. 22260P=5 -~ respirable sized tremolite fiber

2. 22263P-2 - a mixture in 50-50% of respirable sized tremolite
fiber (22260P-5) and vermiculite (22263P-1)

The final characterization of samples will be made by Walter McCrone

Associates:
1. 22260pP-5 respiravle sized tremolite fiber
2. 22263P-1 respirable sized vermiculite

a saline suspension of 222632-2 will be prepared

3. 22263P-3
3 by W. Smith's group for animal studies.

20152849
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" To: H. C. Duecker . k Re: Animal Studies
- April 9, 1976

- From: J. C. Yang

03627782
5) Sample Preparation for Animal Tnjection Studies

Dr. Smith's group has been preparing samples by -dispersing 2 g of
the solid in 4O ml 0.9 g saline solution in a 100 ml Erlenmeyer flask,

then autoclaved for 15 minutes at 15 -20 psi to sterilize the material.
After it was cooled off, the mixture was shaken by band and drawn into

a syringe in l ml aliquot for injection.

By observing the preparations made with R. T. Vanderbilt sample
(talc and tremolite mixture), solid settled very quickly in the saline
solution immediately after shaking. Employing such technigque, I would
expect the animals got different doses of material depending on the
technique of the operator and the rate of settling at that specific time.
In addition, the fibers present may be in bundles or small balls not: fully

opened.

) As a result, I have recommended the use of ultrasonic dispersion.
Theé saline suspension after autoclaved should be subjected to a 10 minute .
sonic dispersion. It has been demonstrated the respirable sized material
was suspended quite uniformly for an hour or more without settling. Im
case of any fiber balls or bundles present, they will be fully opened and

dispersed, too.
Each animal will get 1 ml of the suspension which has 25 mg of the

solid theoretically.
s ety

Julle C. Yang

JCY:ml>
attachments
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. 0362733

SuMr HG
Ho. 1 : Ho. 2 22260-P4 22260-P5
(Total No.) ' - oL - .
Range (@) - N = Cum N Cumg N -Cum% N . Cum¥
<0.3 2 4 0 0 0 0 a -0
0.3-0.4 6 14. 1 ] 1 1 ‘0 0
0.4-0.5 4 21 1 2 4 4 1 aE
0.5-0.6 6 32 1 2 3 7 2 3 -
0.6-0.7 0 32 2 3 5 12 0 3
0.7-0.8. 7 44 5 8 3 14 3 5
0.8-0.9 2 47 4 1 -3 17 3 - 9 .
0.9-1.0: 1 49 0 1. 4 20 2 1.
1.0-1.1" 2 53 3. 14 7 27 - 7 . 8.
“1.1-1.2 1 54 .1 15 3 29 -2 20
1.2-1.3 3 60 4 18 5 34 .2 .22
1.3-1.4 0 60 2 20 1 35 © 7. - 29
1.4-1.5 . 0 60 5 24 4 38 "7 - 35
1.5-1.6 1 61 1 24 4 42 . 5 4
1.6-1.7 1 63 4 28 5 46 1 42
1.7-1.8 2 67 0 28 0 46 - 2. .44
1.8-1.9 0 67 1 28 4 50 6 50 -
1.9-2.0 2 70 2 30 1 50 - 3 53.
2.0-2.5 ] 70 4 33 7 57 10 63
2.5-3.0 3 75 16 46 13 68 12 75
3.0-3.5 1 77 6 51 8 76 3 78
3.5-4.0, 0 77 8 58 6 81 4 82
4.0-4.5 2 81 9 65 1 82 0 82 .
4.5-5.0 1 82 2 67 3 85 . 2 84
5.0-6.0 ) 82 . 13 77 4 88 5 ".-89 .
6§.0-7.0 2 85 2 79 4 92 6 g5
7.0-8.0 a4 93 9 86 1 96 2 - .97,
8.0-9.0 2 96 3 89 2 97 1 * 98
9.0-10.0: 0 96 3 971. 2 99 0 98
>10.0 2 100 11 100 1 100 2 100
Total 58 123 113 125
{

' ' 20152853

- Artaur G Little inc
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0362'7'784

SUMMARY DATA FROM A. D. LITTLE

Sample No.:

Total Fibers Counted

Arithmatic Means

Length (n)

width (m)

Average of Aspect Ratio
Mass ( 10-12g)

{ Geometric Means

Length (p)

Std. Deviation/Avg. Length
Width (m)

Average of Aspect Ratio
Mass ( 1071%g)

Fibers/ o
Fiber I*'I.a.ss/cm2 (10-.-9 g)

J.C.Yang 4/8/76

068ETX02108

22260pP-1

57

2.59

0.26
15.85

0.5218

1.38
6.6
0.12
12.01
0.0571

52,660
27.5

22260P-2

123

4.3k
0.39 .
15.86
2,046k

3.11
3.5
0.27
11.h2
0.7162

295,430
605.4

20260P-4 22260P-5
113 125
2.76 2.79
0.15 o.2%

22.50 13.39
0.1925 0.4982
1.97 2.97
2.4 2.0
0.12 0.20

16.1h47 10.36
0.0880 0.258%

20152852
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_ FIGURE 4 - TREMOLITE PREPARATION (Continusd)

IC. )/aw

323/

K ( Crude Pr‘odoec" |
rwh‘slursz/;h’rlzj/z(;;. olisHeled woler
Stand l ™ caluwhAw..h
L
F:’:: 'Nb ‘ v QIGLVTEY
¢ 4 decaui'l ‘ .
NE
6S|‘; ) | : | R
R, ' . , Solvd - Cloudj @ |
vedispesse | 4ovik 4::]-. Hy0 d:hh l, 2 dich i
‘um‘wl.‘ L '0“\:“ ] Y
dispersion . R
. : Stamd l " colu.u»-s
drjute l« 4 2. dist. B0 | g 20Win
(, stayd ) ™ Columus Jeomin. _olzcaaf’
| I 1
Solid cwﬁ’oh’; | 5°,“" ( ;_::ed
(Savedfer -14er | Millipore ‘
rja:faj;n ) .f of;/‘“ . '?**“f“
7 ) J w‘iwndvz
ProDuceT
N pmemp——
20152855
P

068ETX02111



f_ 1:4';);15' | i /3psh
ﬁeMucuLitzLPREPAMﬂoM
L:LI.Y #2  ProDucT :

, ' ,l, Hand - picked P’a"’y Vim.

Soxhlet Extradin]  Isopropyl aleshel

Sovhlet e,dnd’obl acetome . 03657788 |

Washing .- ' J, clistilled wa.‘hr |
'...0"'1 rnq l i Oven st 1o£e Ju Lrs

( chilled :n "'1 l I Gowr
ML iNG 1ee : | .
Srtr. Mmilled L 1OWin /rcu»Ff"é the ‘5““-1016
( . . OV",' S M
Srevi ~4 l 325 mesh
[ 4 : Sere@in
1 1
$I§V'NV > 325 mech - 3a¢ mal-,
( Saved .Fn \
"F'd’u" vtir?d;ﬁj) rréduo*'

20152856

068ETX02112



J.c. 7&1 /3/;9%

A ""3' A
. "~ PROPORTIONING
03627789
5'3' cq
f Vermienlite
(
20152857

068ETX02113



P 1 TCOXITHRIO0

\,&9.?9.

B P,

Fig?

9990

VWA A FUYUABINILT,

leugf'h Dishé btron o

PRIIVNED Y HAIEN, YWHIPPLE & PULLER, -

o~

4’ Trewo "*'e F-

T 1M IYOCK DIRECY FROM CODEX LOOX CO., NORWOOD, Kavg, 02003
@X‘ PRINYLS M W KA. ) ’
CHNAPH PAPER e

03627790

Ler Prcparld {22260p- «,c)

0.0
..’ .

99.5 99 95 90 . 00 70 GO 50 40 1 05 0.2 010.05
RS I 30 2e- sk q:5 > -.'... M.*:_grf:: _: '-'Q--‘ RS HE )
SahS :’. X

8S82¢102

O}

il
L1 b}
+ - EEROEE ek
BEEL T E S D S E A b R R
B s R S AR S D E O A TR
A e ek K R R B A B S REN T ERIRREARSEEAIN
- ’-: [ 4 HF
- ANk ne
N ' JK ISt G DU
i -1 - . - - o PN W
v 101 1] e o ' T felaelyNdudidnns X 00 A 11 e
T I R A K LT JH L B 17X N
—— el B s T P I -—teds |- 3. L - » ofie]alm}e . -l -
—1-1} RO P PRI U . 8 f " . . g o ft -1} —
RRERERARRIANSE H I+ - |
0.0l 0.05 0,1 0.2 0.5 1 2

50

G 10 80 90 - 85 98 49 99,5 9.9 99

K]

99,9¢




FLIWTLO Ix VoA,

IN BYOCK DIRECT FROM CODEX DOOX CO.. NONWOOD, MA2g, 02002

o

PTG HOUALILETY, DUSIUNED DY HATEN, WHIPPLE & FULLER, (m
L CEXDR

UL 32U, LouAn

fe Foberw Pr*f""*‘l

LY

SUAPH PAPER

L (’vuﬂ'h 'GDoa‘s'h v but

F; l'»j. &

08

03627791 =

94.99

0.01.°

0.2 0.1 0.05

99.8 ¥9.9

93.5

0.5

99

1

98

2

85

T;‘fmol
)

80

w0

fosn O
20

70

30

60

40

30

f=] 1
~ [
i,
(= m_., —
L O ORIy
B
i
e

70
3

20

80

19

90

95

99

0.5

99.5

99.9 99.8

005 01 0.2

0.0t

068ETX02115




SCANNING - ELECTRON: MICROGRAFES, (
OF ATR FILTER #1

Amv——————— .-t

20152860







799




0362'7795




FIGURE 9

SEM OF RESPIRABLE SIZE TREMOLITE
FIPER PREPARED - (22260P-4)

03627796

20152864
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FIGURE LU

SEM OF RESPIRABLE SIZE TREMOLITE FIRER
PREPARED AND SUBMITTED TO DR. W, SMITH
(22260P-5)
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ADMINISTRATIS: »

CAMBRIDGE 03627763

T0: J. W. Wolter DATE: January 6, 1977

FROM, Julie C. Yang sussecT:  Tremolite Content in Libby
Vermiculite Composites

cc: E. S. Wood
R. L. Oliverio/Libby

H. C. Duecke .
F. W. Eaton
_ FPile: T1-04B .

) Recently we have determined the tremolite content in Libby #2
composite for the electrostatic spray studies, and found tremolite
was in the range around 2.5% which showed a remarkable decrease
over the #2 composite we had a year ago. The sample obtained in
December 1975 showed about 57 tremolite (report on Libby Ore Evalua-~

tion 2/23/76).

If you would like to have the tremolite fiber content of
composites of all sizes checked occasionally, we would be glad to
do it. The cost of fiber determination for size 1 and 2 is about
$80.00 each, and for size 3, 4 and 5 is around $120 per sample.

LY

D,

Jul/ie C. Yang

JCY:mlr
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CUISTRUCT LG REPORT : 69548

\ GROUP: Zowel e BPLD
PRODUCTS DATE 3715778
DIVISION CHARGE NO.:___ 7/- /%%

REQUESTOR: E_\M_Eaton
" MARKETING OR MANUFACTURING APPROVALS:
PAGE )
NAME : H. A. Eschenbach

REQUEST FOR TECHNICAL SERVICE APPROVED : H( \ & jgi.\. wliaph Ca/‘

»

PROBLEN TITLE: Environmantal Evaluation ~ Air - Fibrous Materijals and
Tremolite Content .

SIGNIFICANCE: The evaluation of workplace air on aperiodic basis is necessary
to comply with the air saapling section of the OSHA Asbestos

Standard.

SPECIFIC OBJECTIVE: Determine fiber counts for filter media and tremolite of
the expended vermiculite associated with the air samples.

SUGGESTED APPROACH: - Phase contrast microscopy and x-rays.

DEADLINE (Last day information will be of value): 2 weeks.

Roof Dack Job Site .
DETAILS OF PROBLEM: Please evaluate Persannel samples from ‘one Star Elementary
School/New Braunfels, TX:

LS-1 through LS-39

Products and ores involved: Concrete Aggregate - Libby 74
Enginezring samples from the same above:

LSE-1 and LSE-2

Products and ores involved: Concrete Aggregate - Libby #4
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REQUEST FOR TECHNICAL SERVICE T&A 69548

FOR DISCUSSION GROUP  ZOMOLITE BPD

CosT $750
DATE 3/16/79

SUMMARY :

Thirty-two air samples from Lone Star Elementary Schoal in New.
Braunfels, Texas, were evaluated for their respirable asbestas-‘content, °
and the results are attached.

The expanded vermiculite used in this study was analyzed for the
rock and tremolite content. The results are:

Rock Content

2.7 >d >1.0 1.06%
. d »2.7 0.27%
Total ...... 1.33%

Asbestos Fiber Content 0.0092%

=Ll f"€7i;—/‘)l/

Au]ie C. Yangv
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h“:ow ﬁ’TO: H. C. Duecker DATE: November 26, 1979
1}
\Y
\ rrom: Julie C. Yang sugsecT: Improvement in Fiber Release
_ with Consumer Products -
cc. F. W. Eaton Test for Uniform Application
0. M. Favorito of Binder
W. R. Hanlon C. T. Walloch
D. Raab B. R. Williams
R. E. Schneider J. W. Wolter
R. M. Vining E. S. Wood
D. D. Walczyk File: 70-71

Attic Fill AI with the silver-doped binder, both hand and plant
sprayed were analyzed for the uniformity of binder distribution. The air-
fiber counts of the simulated attic test results are attached for com-

parison.

It is demonstrated that the thorough spraying condition (such as
hand-spray in this case) can reduce the air-fiber counts to <0.1 f/ml, 8

hours TWA.

The distribution of the silver ions showed that the hand—snrayed
material was fairly even in a narrow rangé with a low standard deviation
whereas the plant-sprayed material had a broad distribution with a signifi-

cant portion with no coating at all.

We have cumpleted the objective A outlined in H. C. Duecker's memo
to E. S. Wood, 9/6/79. It is recommended to proceed with Objective B, modi-
fying the spraying delivery and other condjtions by the Process Engineering
group using the silver-doped binder. Discussions with A. Stockett will be
carried out to establish a criteria for the best utilization of our analyti-

cal data.

MATERIAL

I) Unbound AI (L-1)

II) Bound Al - Using present plant spraying
procedure (0.2 qt/CF & 0.5 qt./CF)

IIT) Bound Al - Using best hand-spraying
(0 2 qt/CF & 0.5 qt/CF)

15103600
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November 26, 1979
Page 2

,&f.
TO: H. C. Duecker
FROM: J: C. Yang

EXPERIMENTAL

The CMC binder was doped with a trace of silver nitrate, then the
silver ions were extracted from the vermiculite samples after application
with hot 1% nitric acid using a procedure developed recently in the labora-

tory (J.C.Yang to H.C.Duecker, 10/18/79).
The Ag+ concentration was analyzed by ICAP method (Inductively

Coupled Argon Plasma) spectroscopy at Jarrell-Ash, Waltham, Massachusetts.
Data is presented in Figure 1, the statistical analysis chart. The actual

analytical results are also attached.

The air-fiber counts of these samples in simulated attic test at
Weedsport are summarized in Table 1.

%-Std.~Dev'n.

STATISTICAL ANALYSIS
. . of Samples
Vermiculite - - Extracted _ Mean Std. Deviation a ITem
Bag Number Sample No. (X x 103) (¢ x 103) X (N)
1) Hand-sprayed (0.2 qt/CF)
1 1-6 38.0 5.76 0.152 6
2 7-12 * 42.7 10.6 0.248 6
3 13-- 42 33.6 11.5 0.343 30
4 43 - 48 32.8, 9.68, 0.295
5* 49 - 54 10.2 7.78 0.765* 6%
Ave. (excluding group 5) of 35.2 10.9 0.309
the whole series - —— -
v
Total: 48

*Calculated t-value for #5 vs. Total (excluding #5) is 7.06.
The tabulated t-value for N = 48 (99.9% confidence limits)
is 3.50. Thus #5 is statistically and significantly differ-
ent than the rest of the group. It was thus dropped from

all the remaining calculations.

§mm s AmGAS SRR AN =y rrae s wn
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T0: H. C. Duecker November 26, 1979
FROM: J. C. Yang Page 3
% Std. Dev'n.
of Samples
Vermiculite . Extracted’ Mean Std. Deviation
Bag Number Sample No. (X x 103) (¢ x 103) X &ﬁﬁ“’
2) Hand-sprayed (0.5 qt/CF)
6 55 - 60 61.2 10.9 179 6
7 61 - 66 64.8 10.9 .168 6
8 67 - 96 70.1 10.5 .149 -30
9 97-102 62.0 18.6 .301 6
10 103-108 72.8 20.6 .283 - b
Ave. of the whole series 67.9 13.1 192 =
Total: ' 54
3) Plant-sprayed (0.2 qt/CF)
1" 201-230 47.6 52.2 1.09 30
12 231-236 35.8 40.4 1.13 6
13 237-242 33.7 40.6 1.20 6
Ave. of the whole series 43.9 486 1.10 -
Total: a2
4) Plant-sprayed (0.5 qt/EF)
14 243-272 56.7 38.1 0.636 30
15 273-278 87.8 48.5 0.92 6
16 279-284 37.2 28.2 0.758 _ji
Ave. of. the total series 58.4 40.1 0.686 -
- 42

Total

OBSERVATIONS and COMMENTS

1.

The hand-sprayed sample has Ag* concentration (i.é., the binder material)
uniformly distributed throughout the whole assemblage with a narrow range
of distribution, and a low standard deviation.

The bound sample using the present plant spraying procedure showed a very
wide distribution of the binders, and a standard deviation 3-4 times of
those hand-sprayed material. A significant portion of the plant-sprayed
samples at 0.2 qt/CF {11 out of 42) had no binder at all.

The air-fiber count results also indicated the material with uniformly
distributed binder (in this case, hand-sprayed) gave lawer fiber counts
than those of plant-sprayed material. If the binder was applied at 0.5
qt/CF level with good distribution,- the 8 hour TWA can be reduced to

< 0.1 f/ml.
15103602
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| PR (V% H.C.Duecker Movember 26, 1979
: T FROM: J.C.Yang Page 4

CONCLUSION and RECOMMEMNDATION

1. All the results indicated that a uniformly coated binder, around 0.5 qt/CF,
on attic insulation can meet "zero" or<0.1 f/ml fiber count criteria.

2. Objective A in your memo to E. S. Wood, 9/6/79, has been completed.

3. It is recommended to proceed immediately to Objective B, evaluating the
spraying variables as outlined in Bl, using silver doped binder. VYe'll
follow up the tasks as outlined.

&7 4 (f? ?Z;%ﬂb
Julie C. Yang

JCY:mlr
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T0: H. C. Duecker November 26, 1979

FROM: J. C. Yang

TABLE 1

SUMMARY OF AIR-FIBER COUNT RESULTS
(based on 50 fields / sample except as noted)

Fiber>Concentration f/ml
(Number of Fibers Found)

1.0 (4)  0.75 (3)  0.75 (3)

Sample Description

1) Unbound AI
. 1.06 (4) 0.53 (2) 0.53 (2)
0.14 (1) 0.28 (1) 0.14 (1)*
Ave. 0.58
2) Bound AI, Plant-sprayed 0.53 (2} 0.53 (2) 0.53 (2)
0.2 qt/CF 0.28 (1) 0.28 (1) 0.56 (2)
0.56 (2) 0.28 (1) 0.14 (1)*
Ave. 0.43

3) Bound AI, Hand-sprayed 0.27 (1) ~0.27 (1) 0.27 (1)

0.2 qt/CFp e, 0.27
4) Bound AI, Plant-sprayed _ 0.56 (2) 0.28 (1) .0.28 (1)
0.5 qt/CF - 0.28 (1) 0.28 (1) 0.28 (1)
‘ 0.25 (1) 0.25 (1) 0.25 (1)
Ave. 0.30
5) Bound AI, Hand-sprayed 0.14 (1):*<0.07 (0)** <0.07 (0)**
0.5 qt/CF <0.07 (0)
Ave. <0.09 -

*Counted for 100 fields
**counted for 200 fields

JCY:mlr
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FI1GURE 1 03631450

Silver Ion Distributions in Attic Insulation Samples
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ArthurD Li ttle InC. acornpank - CAMBRIDGE MASSACHUSETTS 02140 - (617) 864-5770

April 5, 1977
03627769

Dr. Julie C. Yang

Manager, Research Technologies
Construction Products Division
W. R. Grace & Co.

62 Whittemore Avenue
Cambridge, Mass. 02140

Dear Julie: £76494

As we discussed during your visit on March 11, 1977, Tow magnifi-
cation transmission electron microscope photographs have been obtained
from two representative grid pore openings of samples 22281-1 and 22281-2
to permit an estimate of the percentage of mass attributable to fibers,
in particular, amphibole fibers. A previous analysis of these samples,
reported on January 24, 1977, identified the presence of fibers, most
of which were mineral. These results can be summarized as follows:

Sautx Aua Hewonl
22281-1 22281-2
Fibers observed 104 b4
Percent amphibole 6 4
Percent other mineral 34 35
(mostly gypsum) ’
Percent ambiguous mineral 35 22
Percent amorphous (organic, 26 39

glass fiber)

As some of the ambiguous mineral categery may be amphibole, it is prudent
to estimate a maximum amphibole fiber content of 10 percent. Due to a

" slightly larger fiber size, the amphibole fiber volume is ibout 15 percent
of the total fiber volume, which corresponds to 1.6 x 1012 cmd per grid

pore opening.
-

To estimate the relative amount of fibrous material present in the
samples, low magnification TEM photographs were obtained from two repre-
sentative pore openings of both samples. These were assembled into

20152837
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| 'ArtﬁurD Little Inc.

April 5, 1977
-2- .
03627770

Dr. Julie C. Yang
W. R. Grace & Co.

montages, which covered entire pore openings. Particle volumes per pore

opening were calculated for the two montages prepared for sample 22281-1A
(exhibiting the heaviest particle loading) from the projected surface area
and an estimated thickness of each particle, as follows:

0.2um - particles showing electron beam penetration
over whole area

.O.Sum - particles showing electron beam penetration
at edges

1-2um ~ electron opaque particles
From these estimates, the ratio of fiber volume to total particle volume

was estimated to be 0.04 percent (0.006 percent for amphibole fibers).
For the assumption that the densities of all part1c1es are equivalent,

these percentages apply on a mass basis, as well.

From this analysis, we conclude that the amphibaie fiber content,
on a mass basis, corresponds to less than 0.006 percent of the supplied
sample, which represented the insoluble residue fraction of a leached
Monokote sample. This estimate should be reliable within a factor of

two times.
Please contact me if you have any questians.

Very truly yours;

R

Edward T. Peters

/rdl
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FIGURE 1 - COMNCENTRATION OF FINES IN LONOKCTE
MONOKCTE (200 g)
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Figure 2.} Transmission Electron Image of Fibrous
' Particles and Corresponding SAED Patterms,
Sample 22281-1; 10,000x.
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_Figure 3.; Transmission Electron Image of Fibrous
" Particles and Corresponding SAED Patterm,
Sample 22281-2; 10,000x.
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Figure 4L} Scanning Electron Micrographs of

Fibrous Particles in Sample 22281-1
a) 5500x%, b) 5500x
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| 0362775
— Figure 5 Scanning Electron Micrograph of . . )
- ... a Fibrous Particle in Sample 22281~-2, . . ‘
5500x%. ’
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Figure 6') Scanning Electron Micrographs of
' Fibrous Particles in Sample 22281-1. - 20152844

a) 2400x, b) 1100x
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ONSTRUCTION NUMBER: 50077
ADMINISTRATIVE RECORD  croue: OIS e
RODUCTS DATE: February 22, 1977
IVISION - CHARGE KO.: 71-079

REQUESTOR: 1. 1. ~ralter

o
PAGE 1 ;ARICJIIuG or MANUFACTURIIG APPROVAT.-
REQUEST FOR TECHNICAL SERVICE A
T APPROVED:
PROBLEM TITLE: LIBBY BAG HOUSE DUST A:aiISIS
SIGNIFICANCE: To identify the composition of dust (mineral make~up), so.that

attempts can be made in improvements for tremolite fiber removal.

SPECIFIC OBJECTIVE:
To determine percentages of trezmolite fiber in the dust sawmples,
and percentage of vermiculite a2nd rock in samples f#2 and 'h if
possible.

SUGGESTED APPROACH:

DEADLINE (Last day information will ’o= of wvalue):

DETAILS OF PROBLEM:

Four samples are submitted for analysis:
Dryer Biaghouse Discharge
Dryer Cyclone Unders
Screen Plant Baghouse (Internzl} Discharsze
No. 4 Product Screen Pan Fraciion

W e
LN L L L 4

sf.\-..

< C " _;l /’ 30
ACCEPTED BY RESEARCK DEPT.: / « - 7S DATE: o i
o<

s
\n

.:-—f--!-v ,94—\~ ﬂ"//M
ADDITIONAL COPIES: Original to Lib'rar;, s

ASSIGNED To: J.F. Wablle.

Eo

.Dueckar, F.W. u-ton, J.W.Wolter, E.S.Weod,
01 ari o/leby CPD-T2A, File 71-070
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S - NUMBER : 50077 .
- REQUEST FOR TECHNICAL SERVICE GROUP: ZONOLITE-Ore
08020283 ACTUAL COST: $300.00

REPORTING DATE: Marcn 3, 1977 !

SUMMARY:

Four dust samples received frcm Libby were analyzed for their tremolite -
content, '

_ Due to the high percentage of vermicullite present in sample 2 (Dryer
cyclone unders) and sample 4 (#% product sereen pan fraction), the vermiculite
was separated by chemical expansion with 30% Hy0p and flotation. The rock portion

; was then x-rayed for quantitative tremolite determination.

The Baghouse Discharge dusts from Dryer and Screen Plant were found to be
extremely fine and to have 15.5% and 14.2% tremolite, respectively, which should
be discarded rather than returned back into fhe concentrate. No attempt was made
to determine the other ingredients present. -

The Dryer Cyclone Unders showed ths presence of 91.5% vermiculite, 7.82% rock
and 0.68% tremolite. This material can be returned back into the concentrate.directly.

The No. 4 Product Screen Pan fraction showed a composition of 65.4% vermicu-
lite, 31.0% rock and 3.6% tremolite. The recovery of the vermhculite from this
fraction may be more difficult on account of the high rock and tremolite fiber
content. . ‘

CONCLUSIONS and COMMENTS:
See Summary.

EXPERIMENTAL:

1. Separation

Avout 60 g of sample (#2, #4 only) was expanded with 100 ml of 30% HoOo
for two days.

The expanded vermiculite was floatad off with water, collected on & filter
and dried in an oven at 110°C. overnight.

The rock pbrti.on was also dried, w2ighed, and x-rayed: % Rock and
(4 . <

Sample I.D. No. Description % Vm., - Tremolite
22293-2 Dryer Cyclone Under 91.5 8.5
22293-k #4 Product Screen Pan Fraction 65.k 3.6

2. X-Ray Analxsis

All the determinations were made on the measurement of peak intensity at
28= 10.55° (d = 8.38K)in triplicate with background corrections and calibration
curve, .

Sample No. Descripiion % Tremolite
22293-1 Dryer Baghouse Discharza 15.5
22293-2 Dryer Cyclone Under - Rock & Tremolite Portion 8
22293-3 Screen Plant Baghouse Discharge 0.68
22293-4 - #4 Product Screen Pan Fraction - Rock and

Tremolite Portion 4.2

All samples were collectad on January 26, 1977.
- 15112721



NULBER: 20077

RELUEST FOR TECHNICAL SERVICE GROUD: S ORITITE0rs
ACTUAL COST: $300.00

REPORTING DATE: March 3, 1977
3. Computation of Mineral Compositions’ :

"84 -
Sample No. Description 06020~Composition
22293—1 Dryer Baghousz Discharge ‘Tremolite 5.5%
£2293-2 Dryer Cyclone Unders ‘ Vermiculite 91.5%
Rock 7.82%
Tremolite 0.68%
22293-3 " Screen Plant Baghouse Discharge Tremolite .29
22293-4 #U4 Screen Product Pan Fraction Vermiculite 65.4%
' { Rock 31.0%
Tremolite 3.64

Ref; sv - 98i7ep
JCY - 22294p
X-Ray Patterns % - 42 - a,b,c,d '

. e %,é_ /

Julie C. Yang

JCY:mlr

15112722

134701713



AUMINIS TRATIVE hic

CAMBRIDGE g7 gl
10: B. S. Wood DATE April 19, 1977
frROM: Julie C:_Xgnga/ SUBJECT: Tremolite Content

in ZONOLITE® Products

cc. H. C. Duecker
H. A. Eschenbach
F. W. Eaton
W. R. Hanlon
R. M. Vining
B. R. Williams C. C. Ou

J. W. Wolter S. C. Vaughan “'f
' File: 71-046 { i

(fu‘s

COBJECTIVE.
The objective of this study is to determine thef tremolite content in all
ZONOLITE products made of bath Liboy and Kearney vermiculites. In a few
cases, repetitious analyses were made for product used on job-sites, so
that correlation can be made with the fiber counting results.

METHOD

When tremolite is determined from the product as received, in most prod-
ucts tremolite was not found by conventional analytical methods. The

trace amount can be determined only wh2n intensive concentration techniques
are employed. Tremolite determinations are then made from the fractions by
quantitative x-ray diffraction analysis 2nd with the aid of petrographic
microscopic examination.

1. Terra-Lite Vermiculites, Verxite, Radi-Zsrthe and Matrc-Mixes

The schematic method of analysis and the results have been reported in
T&A 50110 with limited distribution. Tkey are also reported here as
shown in schemes 1, 2, and 3.

2. Scott Turf Builder

The method of concentration was very similar to that of Terra-Lite Vermicu-

lite scheme #1, except in tha water flotation step. A longer soaking period
was needed to solubilize all the nutrients present, which was approximately

504, of the-total weight.

3. ZIC, Attic Fill, Masonry Fill

Sames concentration method as Terra-iLite (scheme #1).

. -~

cll THe seprter e
L rad ¢ '
/:§7L57_23¢S';Se?

1237200542



To: E.S.Wood Tremolite Content
From: J.C.Yang in ZONOLITE® Products

April 19, 1977 , Page 2

4. MONOKOTE .
Analysis of tremolite in MONOKOTE was the most difficult and time-consuming
procedure. The glass fibers were screened off, plaster of Paris was dis-
solved in water about 50-100 times the weight, expanded vermiculite was
floated off, end all the washings were combined, filtered and dried. The
filter paper and the organic matter were then burnt off; the remaining
residue was x-rayed for the tremolite analysis. Detailed separation and
concentration procedure is shown in scheme #.

5. ZONOLITE 3300

Separation and concentration techniques are similar to that of MONOKOTE,
but dilute acid (in HC1l) was used to digest the portland cement binder
instead of using large excess of water for solubilizing vlaster of Paris.
The procedure is shown in scheme #5.

]

RESULTS -

A. Tremolite Content in ZONOLITE Products

Kearney

ID No. - Product Description 9 Tremolite

1 7zIC K- Kearney 5.466

=S ZIc K-4/s B .71
h Masonry Fill K-L 1.605

S Masonry Fill K-3 200 .
11 MK-4 Kearney 3 <0.08

A3 MK-5 Kearney 3 _____________ e 008 ..
17 Terra-Lite Kearney 4.319

18 . Terra-Lite T.R. -0:616 (.10

............................................................................ mmm——-
20 Metro Mix 200 T.R. (as rec'd) 0.398 (dried)” .U77

2L . ___Redi-Farth _ T.R. ____________ (as rec'd) 0.048 _ (dried) .O71_
23 (5) " Verxite Carrier Grade #: Kearney (St.Louis) 0.083 (=< 0.008)

26 Metro-Mix 300, T.R. (as rec'd) 0.081 (dried) 0.121

2T MetroMix 350, T.R. _______________ (as rec'd) 0.156 __ (dried) 0.259

*

Metro-Mixes and Redi-Ezrths were computed both in as-received
basis and oven-dried basis since the product has substantial
amount of moisture.

/5 /525 39
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To: E. S. Wood . Tremolite Content

From: J. C. Yang ' in ZONOLITE® Products
April 20, 1977 Page 3
Libby
ID No. Product Description 4 Tremolite
10 MK-Lk (L-3) West Chicago £ 0.10
I Masonry Fill (I4D-18) West Chicago 0.0L > ..
19 Terra-Lite, W. Chicago 0.035 :
25 Attic Fill (L-2) W.Chicego .~ ) S
28 Redi-Farth (L) Santa Ana (as rec'd) .03L (dried) .051
e Redi-Farth (L) W, Chicago _____ €002
15 Metro-Mix 200 (L) W. Chicago (as rec'd).03s  (dried)<.ok3
h1-] Zonolite 3300 (I.-3) W. Chicago
B Concrete Aggregate (L4D-18) W, Chicago ______ S
16 Scott Turf Builder (L) Dark
22 Scott _Turf Builder (L) Light __ =~ <0009

. > G e S S T g, v e BT R s A W e o et Tt e o Tk e D T e D > O e 4t o g

B. Tremolite Content in Zonoclite Job-site Samples

ID No. Product Description Location é Tremolite ~
8 ZK Roof Deck (K 4/5 B) Montgomery, Ala. 2.828
9 Masonry Fill (K-3) Columbus, Ohio 0.050
28 Redi-Earth (L-k) Forest Service, Santa Ana 0.031 (.o51)"
51 Monckote-5 (L-3) San Diego <0.106
sk Masonry Fill (K-U4) W.Palm Beach, Fla. 2.86
55 z1¢  (K-k) Edison H.S., Miami, Fla. 0.476_
58 Masonry Fill (L-3) Mashburn & Coe Bldg., Oklahoma 0. 250~
57 Monokote-lt (L-3) Byatt Regency, Dallas (\:21%?;::)

*oven-dried basis

DISCUSSION and COMMENTS

1. Some of the Kearney products showed high "tremolite" content since x-ray dif-
fraction method cannot distinguish massive tremolite (Hornblend=?) and fibrous
tremolite. Microscopically, most of the Kearney material showed trace or
absence of fibers, '

2. Tremolite fibers can be reduced if a screened vermiculite is used such as in
verxite. We have observed that most of the fibers are concentrated in the

fines.

/5525



To: E. S. Wood Tremolite Content
From: J. C. Yang in ZONOLITE® Products

April 20, 1977 Page U4

3. The percentage of tremolite in several samples was expressed in less than
a certain value which indicated that tremolite fiber was not detected by
our x-ray method. The limit of detection for tremolite by x-ray diffrac-
tion technique is about 0.2%.. When concentration factors were taken into
consideration, the possible maximum tremolite content in each sample was

indicated in the analyses.

L. Most of the Monokote showed undetectable tremolite content except #57, an
MK-4 product used at Hyatt Regency in Dallas, which showed a 0.24% tremo-
lite; the value has been double checked and is real.

Ty

JCY :mlr

/55 254



1. SCHEMATIC DIAGRAMS FOR TREMOLITE ANALYSIS

1. Tremolite Determinations in Terra-Lite Vermiculite

Terra-Lite Vermiculite (150 g)

water flotation

Vermiculite heavy particles
overnight | oven dried overnight) oven dried
at 110°C at-110°C
- i - i
weighed weighed
v v .
x~rayed in x-rayed in
triplicate J triplicate
N pr
Tremolite content Tremolite content
factored factored .
sum
&

Total Tremolite

Julie C. Yang
April 19, 1977 .

/5/S2s5yo
-



2. Tremolite Determination in Redi-~Farth -

Redi-Earth (350 g)
overnight oven dried at 110°C

v

compute the moisture content

overnight in furnace at 500°C (to burn off the
‘organic matter)

P
Y

water to solubilize the nutrient

water flotation

Vermiculite heavy particles

proceed as
procedure #1

sum

v
Total Tremolite

/5/ 52543
Julie Q. ang_



3. Tremolite Determinations in Metro Mix

Metro-Mix Sample (400 g)

overnight oven dried at 100° C
Moisture Content Determination

. }
overnightlm furnace at 500° ¢ (burn off peat moss,
: pine bark, etc.)
. : water o solublize the nutrient .

water flotation

Yermiculite & Perlite Gravel, Sand, Dolomite, Calcite

ovei-night | oven-dried 20 mesh screeh
. 110°¢C :
v
pea gravel fine mineral dusts,
§.§_ﬂ.d_; sand, - r
coarse mineral +_heavy particles
weighed particles
KR overnight L oven-dried overnight 1oven dried
. 1o° ¢ l1i0° ¢
L weighed lweighed
x-rayed ‘L x-rayed, x-rayed
v .
Tremolite Tremolite ‘Premolite
content content content
factored factored factored

Total Tremolite

L5/ 5 25 9Y



L.

TREMOLITE DETERMINATION IN MONOXOTE

MONOKOTE (200 g)
Screening
(
glass fiber Vm. & glass fiber _ . ) -
plaster of Peris
hand pick some short fibers & fines
- - [RER o ’ ‘Water |"boil to solubilize
glass fiber Vm & some fines ‘plaster
I water [£f¥ltration ' v V )
y repeated many time
S SN — e D] totel volume of
filtered N vt ey vater used =
dried & wel hedQ . - 10_}%ters
Vm  heavy fraction . 4
(

water| flotation

Vm & light fines rock & fiber

filteredl : ] filtered
dried & weighed| I dried
weighed

Julie C. Yang
anril 1Q. 1Q77

filtered

oven-driedioverpight

. 1 e

overnight to bura off the
organic matter

x-rayed
(in triplicate)

4 - _

TREMOLITE CONTENT SS/AS 2545




5.

mostly gla.ss

TREMOLITE DETERMINATION IN ZONOLITE 3300

ZONOLITE 3300 (200 g}

Screening

plaster, Vam.

fiber rock and fiber
acid wash boil 560 ml acid
) in HC1 ‘digestion
250 ml h 4
in HC1 .
Water flotation ~
5 / \
filtered, dried ' -
11 & weighed ’
Water wash N N
_VE_Zﬁ_gE& heavy fines
siliceous
material)
filtered
Y

Julie C. Yang
April 19, 1977

110°C overnight dried

A 4
weighed

in triplicate x-rayed

w

TREMOLITE CONTENT

/S5 S 25y, -



ADMINISTRATIVE RECORD

CAMBRIDGE
10 E. S. Wood : DATE: May 16, 1977
from: J. C. Yang \\7 supject:  Tremolite & Vermiculite Content
in Libby & Kearney Ore Deposits
cc: R. M. Vining H. C. Duecker and Expanded Vermiculites
B. R. Williams H. A. Eschenbach :
J. W. Wolter B. A. Blessington
W. R. Hanlon C. C. Ou
D. M. Kirven F. W. Eaton .
R. C. Ericson 0. M. Favorito + F eatin 279¢ 24l )
R. H. Locke 8. C. Vaughan Cofy £ Cravfert 373

File: T1-048/049 5. Mhree.

OBJECTIVE

The objective of this study is to determine the vermiculite and trem-
olite content in ore concentrate and ezpanded vermiculite from the Libby
and Kearney mills. A sample of the hsad feed from the Libby mills, from
which all the Libby ore samples wers derived, is also analyzed as a check
for the effectiveness in fiber removal of the Libby operation. '

The samples analyzed below zra single samples of coneentrate or ex-
panded product, selected at random. ¥Wa do not know how accurately these
samples represent the average with respsct to tremolite (or amphibole min-
eral) content. Further sampling will ve required to better establish more

typical or average values.

The reported tremolite content m2y include other amphibole minerals,
particularly Lwrnblende, wiick caunot bz Jistinguishzd from tremolite.

SAMPIE DESCRIPTION

All the analyses made in this report were single sample analyses.

From the materials submitted in $-10 lo. quantities, they were quartered :
very carefully and repeatedly until the dasired sample sizes (200-300 CEE}_______,

grams ) were obtained, which were expected to be fairly representative.
However, the range of variations in field sampling and in the geological
formations were not established, so thzt the results observed may only

indicate a ballpark figure with #10% of accuracy.

/S /525357



To: E.S.vWood Tremolite & Vermiculite Content
From: J.C.Yang - in Libby & Kearney Ore Deposits
Date: May 16, 1977 and Expanded Vermiculites
ID No. Description Date and Source
99952-31 Ore Concentrate L-1
§99952-32 Ore Concentrate . L-2 .
939952-33 Ore Concentrate = L-3 3/ 10/ 77 - R. L. Oliverio
99952-34 Ore Concentrate. L-l
99952-35 . Ore Concentrate - L-5 3/1/7TT - E. D. Lovick
99952-36 Ore Corcentiate..-K-3
99952-37 Ore Concentrate: - K-U 3/7/77 - 0. F. Stewart
99952-38 Ore Concentrate: -K-5
99952-39 Expanded Vermiculite L-1
99952-1i0 Expanded Vermiculite L-2 3/21/7T - F. V. Eaton
99952-148 Expanded Vermiculite IL-3 3/9/7TT - F. W. Eaton
(Terra-Lite)
99952-41 Expanded Vermiculite K-3
99952-h2 Expanded Vermiculite K-L 3/3/77. - 0. F. Stewart
99952-43 . Expanded Vermiculite K-5
99952-46 Libby Head Feed - a composite 3/9/T7 - R. L. Oliverio
of 3 shifts 2.
METHOD

Tremolite Analysis of ILibby #L and #2 Concentrate:

Since the fiber bundles and the rock aggregates are unusually large, tremo-
lite fiber bundles and rocks were first separated by hand-picking of a
carefully quartered sample. The vermiculite was then separated from the
rock by screening. Rocks and fines in the -50 mesh fraction were x-rayed
for quantitative determination of tremolite. The total tremolite was
obtained as the sum of factored portions from hand-picked and the fine
portions. The scheme of analysis is shown in Figure 1.

Tremolite Analysis of #3 Ore Concentrate:

The concentration of rock fines and tremolite fiber fractions are shown in
Figure 2. Vermiculite was separated by chemical exfoliation with 30% Hs0o,

followed by water flotation,

/5/E5T 2532
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To:

E.S.Wood Tremolite & Vermiculite Content

From: J.C.Yang in Libby & Kearney Ore Deposits
Date: May 16, 1977 and Expanded Vermiculites

S.

Tremolite Analysis of #4 and #5 Ore Concentrate:

A set of finer screens than the ones used in analyzing #3 ore was selected
for this separation. A dliagram of the procedure is shown in Figure 3.

Tremolite Analysis of Expanded Vermiculite (size #2 to #5)

The eicpanded vermiculites are easier to work with since they were expanded
already and the percentage of rocks and fines were lower than those of the
corresponding ore concentrates.

The procedure for. analyses is shown in Figures 4 end 5, respectively.

Tremolite Analysis of the Head Feed:

The hesd feed sample from the Libby mill was obtained one day before the
ore composite collection from the screening plant, and is the starting
material from which the ore composites were obtained. The analysis was
more complicated than the others since the size varied over a wide range
and the non-vermiculite portion was very high. The tremolite concentration

procedure is shown in Figure 6.

Vermiculite Analysis of Ore Concentrates:

To cross-check the vermiculite analysis from the scheme shown in Figures

2 and 3, for ore composites #3 and #5, a 100 g ore sample was taken and
expanded in a furnace for 5 minutes at 1500°F., then allowed to cool at
ambient conditions for half an hour. 1In general, a weight loss of about
7% resulted from heat expansion. By previous experience, a higher vermicu-
lite yield will result from chemical expansion since some of the poorly
weathered vermiculite will not readily respond to heat expansion but will
expand in Hy05. The complete analyses of the Libby and Kearney vermicu-
lites are shown in Tables 1 and 2.

Evaluation of Fine Fiber Content:

In Table 1; a breakdown of the tremolite fiber in ore concentrate by size :
fraction is also shown. The fines (-50M for size L-1 to L-3; -100M for é\
size L-4 and L-5) can be considered to be the maximum limit of the res-

pirable fiber portion (provided no further vigorous mechanical degradation

of the material takes place in handling).

samples and run them through the air-elutriation column built in the lab-
oratory. We then collected the airborne particulate through a series of

We have also hand-picked the fiber bundles from two L-2 ore concentrate k1)
N
screens and then on a wet filter under vacuum. The screens used were graded ‘Q

-to eliminate the blockage of the filter by large dust aggregates and long/,_\j\ W
(2

fibers. This experiment indicated the fiber bundles were fairly stable. At N\
the end of 30 minutes of the air elutriation, the resulis are as follows: 7
L

123700537 . ~



T

E.S.Wood . Tremolite & Vermiculite Content

To:
From: J.C.Yang in Libby & Kearney Ore Deposits
Date: May 16, 1977 and Expanded Vermiculites
% wt. on 9 wt. on Respirable
Sample Description 325 mesh screen vet filter Dust
Tremolite, hand-picked from
SL-2 ' 0.29 0.05 0.3k
Tremolite, hand-picked from
CL-2 0.21 0.0k 0.2
Observation: mostly fiber fiber and
some larger vermiculite
than 30 n dust

The fine sized dust content average for the two samples was approximately
0.3%, corresponding to .0076% of the total sample. Thus, it is concluded that
the amount of respirable size tremolite fiber present in the L-2 ore composite \

must be less than 0.01%.

A_/“l\

No attempt was made to determine the respirable size fiber content from the _ Lo
Kedrney ore since most of the Kearney tremolite is massive and difficult to be 1 L
distinguished from hornblendes present. e (7 ,\w

et
2

In the expanded product, the tremolite fiber contents found in the Libby
vermiculites as shown in Table 2 were primarily fine sized. Very few small”’
bundles were ohbserved which demonstrates ths effectiveness of fiber removal

by the stoner.

COMMENTS

1. The tremolitfe content of L-1 and L-2 were reduced to about half the amount
of those analyzed in 1976 (see Research Report on Libby Ore Evaluation -
J. C. Yang to H. C. Duecker, 2/23/76). The tremolite content of L-3 and
L-4 has apparently not improved since early 1976. However, the vermicu-
lite platlets were much cleaner presently with less dust particles adinered
to the surface than those of 1976,

2., This is the first time that Kearney ores and expanded vermiculitess of all

sizes ‘were analyzed for thzir total tremolite content by the x-ray difirac-

tion method. Unfortunately, the x-ray diffraction patterns of the fibrous

and massive forms of tremolite are identical and in fact cannot be distin- T
guished from other amphibole minerals, varticularly hornblende. More 3,,1 ‘
sophisticated analytical methods usinz electronmicroscopic techniquas and VS
related structural and elemental analysis such as TEM, SEM, SAED armd EDAX
are needed to pinpoint the exact nature of thz amphibole nminerals present.

(55 253
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To: E.S.Wood Tremolite & Vermiculite Content
From: J.C.Yang . in Libby & Kearney Ore Deposits
Date: May 16, 1977 and Expanded Vermiculite

3. The fine size (and potentially respirable size) tremolite fiber contents in
the Libby ore composites were very low (in the order of 0.01%4) for L-2 ore ( £
concentrate. Fiber bundles usually remain intact under normal operations. : o

ol

and are concentrated in the stoner. Some of the small fibers present be- g('t-.'()
tween vermiculite plates may be loosened during the expanding operation, u" v
v

the amount yet to be determined. Another posaible source of respirable ;
size fibers in expanded product is the breakdown of fiber bundles during L“

heat expansion. This will be investigated shortly. .When all the sources P

effective removal or reduction can be sought with some conﬁdence.

are identified snd the spproximate amounts become known, a.method for more J X r,r'
Nl

e

p‘ulie C. Yang

JCY :mlx
attachments

VYo WA
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E.S.Wood Tremolite & Vermiculite Content

To:
From: J.C.Yang in Libby & Kearney Ore Deposits
Date: May 16, 1977 . and Expanded Vermiculite
TABLE 1
Tremolite Content of Ore Concentrate
4 Total -
ID No. Description Date ﬁ Vm, ﬁ Tremolite Tremolite®
-31 L-1 3/10/77 91.7 (+50M) 1.2
' (-s0M) .005 - 1.2
-32 L-2 3/10/77 1.2 (+50M) 2.5
. . (-50M) ..018 2.5
-33 L-3 3/10/T7 8.1 (+50M) .653 :
(-50M) .013 0.7
-34 L-l4 3/1/717 70.1 (+7oM)  1.Lk9s5
- ' _ (-70 +100M) .232
(-100M) .009 1.7
-35 L-5 3/1/77 63.9 (+70M) J19
(-70 +100M) 1.016
1.913 3.0
-36 K-3 3/1/T7 . 72.0 (+50M)  1.60 o
(-50M) .158 1.8
-37 K-k 3/1/77 75.1 (+70M)  8.903
(-70 +100M) .554
(-100M) Jig2 10,0
-38 k-5 . 37T 166 (+70M)  0.87h '
) ' (-70 +100M) 2.070
(-1ooM) 13.034 15.9
-46 Head Feed, 3/9/77 7.0 (+6M)  1.302
Libby (-6 +20M) .684
(-20 +70M) 1.235
(-70M) .609 3.8
*Includes all amphibole miner=ls.
**The material floated after expanded with 304 H202.
I’ 5/5253¢
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] g , Tremolite & Vermiculite Contznt
lf“gc-;w 3-2-;“03 in Libby & Kearney Ore Deposii:

Com: -L.lang . and Expanded Vermiculite
Date: May 16, 1977 .

TABLE 2

Tremolite Content of Exvanded Vermiculite

Date 4 - q
ID No. Desecription Collected Vermiculite Tremolite
99952-39 L-1 3/18/77 97.7 0.07h4
99952-40 - L2 3/18/77 97.1 0.028
99952-48 -3 3/9/7T - 97.7 0.0kg
99952-41 K-3 3/3/77 91.0 o 1.6"
¢ , *
99952-42 K-b 3/3/77 79.% © 79
99952-43 K-5 3/3/71 8.7 interference

*Includes 211 amphibole minerals.

/5AS 2537
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Construction Products Division

To: W. R. Hanlon Date: February 14, 1979

Subject: * Sims Landmark Fertilizer-
Air Sampling Results

Ref: FWE™t6 M. DiB. memo

- dated 2/14/79

From: F. W. Eaton

cc: M. DiBenedictis
H. C. Duecker
J. W. Wolter
E. S. Wdod 03630739

J.<€. Yang

One thing to be learned from sampling Landmark Fertilizer is that it
is {mpossible to pre-judge the working environment and predict user exposure
to tremolite fibers. Based on an inftfal survey of Landmark January 9, 1979,
it was my opinion that with minor changes to theinstalled dust collecting
system, fiber exposures would be less than the OSHA Limits. Since E. S. Woods
April 13, 1978 Guidelines require exposures less than 2.0 and 10.0 fibers/cc
without Engineering controls, Landmark was sampled January 18, 1979.

The first air samples were taken on two men charging approximately 80
bags of L-4 into the charging enclosure with the dust collecting system off.
Dust generated during this operation was excessive and the plant manager, Lamar
Steem, insisted that the dust collecting systems be turned on for the, remainder
of all sampling. As can be seen from the attached air sampling record sheet
and TWA calculations, the‘m,m_mmi_ns_xeminuj.t_umq_ﬁ%_%&_am
ceili :s. It should be pointed out that on samples L-1 & 2 and L-10 & 11,
The men were charging vermiculite at the side of the hopper enclosure. On
Sample L-16 & 17, both men were inside the hopper enclosure with the dust pick-
up point at their back.. These tests also indicate considerable fiber exposure
in handling empty bags from the charging station to and into the waste paper

bailer. -

In light of E. S. Woods memo February 2, 1979 concerning lightweight
fertilizer use of Libby derived vermiculite, you should advise M. DiBenedictis
of the possible optfons before submitting these results to Landmark.

The following is general information on Sims Landmark for the record.
Landmark is primarily a field (heavy) fertilizer producer in and for Ohio.
The Sims facility is Landmark's only ammoniated fertilizer plant but there are
several other dry blend and seed plants in the state. Equipment  and process
flow at this facility {s very similar to the ammoniated fertilizer process
at Agway/Big Flats New York. The main difference is that this facility is
much newer and there are three installed dust control’ systems with pick up
points provided at most all dump.and transfer points. All control deévices
are baghouses. Lawn fertilizer is;handled by the Favm Supply Division of
Landmark and prior to being manufactured at the Sims Facility, was private
labeled by a producer in PA. . According to Lamar Steen Plant Manager, .light~
weight fertilizer and pesticides represent a very small portion of Sims
Landmark Total Production. 1979 production forecast is 620 tons lawn and 55,000
tons field fertilizer. The total 620 'tons of lawn fertilizer is produced at

15102382 D
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W. R. Hanlon

2/14/79
Page 2 -
03630740

at one time, stored in a bin, and bagged as required. Although there are
weed killers such as 2-4D, the bulk of light weight (1awn) fertilizer is
22-11-7 bagged in 20, 25, and 33 1/3 1ib. bags. In the 22-11-7 formulation,
there is 221 1bs. of L-4 vermiculite per ton of fertilizer. Total
vermiculite required for 620 tons js approximately 5,600 - 4 cu.ft. bags.

y 100 production hours is required to

According ‘to Steeri"approximatel

produce the 620 tons.
F. W. Eaton

FWE/cc
Attachment
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ADMINISTRATIVE RECORD

PROBLEM TITLE: Analysis of Monokote for Asbestos - Floyd County Board of
Education : /r
SIGNIFICANCE: School District needs to determine if Fireproofing Matetial:%

contains Asbestos

.

SPECIFIC OBJECTIVE: To determine the type of material (MK-3 ov. MK—&) removed from
Rome Georgia school

3
SUGGESTED APPROACH:
DEADLINE (Last day information will be of value):  ASAP
DETATLS OF PROBLEM:. .
| T - DATE:/ 4
ACCEPTED BY RESEARCH DEFT.: 7 &/ /2 7 /7 g
A 5 . ' .\

ASSIGNED TO: /N /:*»17/ (e ‘
ADDITIONAL COPIES: Original to Library . W C. Duecker, -R.A.Xerther,L.S.Sh¢,B.A.Blessington

CONFIDENTIAL
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"SUMMARY :

The fireproofing material removed from Rome, - Georgia school was examined
by x-ray diffraction analysis, chemical dissolution and microscopic examinations.

Chrysotile fibers were found to be present in appreciable quant1t1es (>5%).
Thus, 1t was concluded that the mater1a1 was MK-3.

EXPERIMENTAL :

1. Material Examined As Received

By X-Ray Diffraction Method

Pulverize the material to -100 mesh size in a SPEX mill and x-ray.
Major: Gypsum, Vermiculite
Minor: Quartz and Chrysotile (Suspected)

Microscopic¢ Observation

Long fiberous material (100x) was shown in the matrix.

-

2. Calcination

The received material was crushed to -20 meshothen heated in a
platinum crucible with cover for 16 hours at 5007c .to burn.off the
organic or cellulosic fibers.

The remaining residue was examined by polarized mfcroscope at 430x
and found long thin fibers of chrysotile.

3. Acid Dissolution

One gram of the received sample was digested with hot 1 liter of
0.0Y N HC1 for about 1 hour. The mixture was cooled off and filtered -
through a 0.45y millipore filter. The solid residue was dried and
examined by light microscope. Most of the gypsum which adhered to.
the fibers was dissolved but the chrysotile fiber remained in such
as dilate acid solution.

Light miscropic examination (430x) showed the presence of long
thin chrysotile asbestos fibers with the characteristic optical
properties, (index of refraction ect.). The estimated quantity
of the fiber in the sample was larger than 5%.

REFERENCE: 1
X-Ray File Misc. 293 ) :
Notebook 651-13 Sl e &
Julie C. Yang
JCY :mgd

15080807

[103260765]
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- 1307 REDMOND CIRCLE ———

DR. JACK M. WALDREP, M. D.

@r. Bob Merther
t2 Whittemore Ave.
Cambridge, Mass. 02140

Dear Sir:

Please find enclosed a sample of material used in ons of

our schools.
We understand from the contractor that the material is

HONOXOTE™ .

The Georglia State Department said that the materilal
contains asbestos and would have to be removed.

We would like for you to analyze thils sample and let us
know 1f it contains asbestos and if so what percent it contains.

We have been advised that the State requires a polarized
light microscopic test. Alos, a dispersion staining test.

Also, if you have any information as to whether or not
this will meet Environmental Protection Agency requirements for
use 1n schools, we would be Interested in having it.

Sincerely,
- %
[Zﬂ//
3111 Toles
Director of Maintenance

3T/sjs

150 80808
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This is to certify that no commercial asbestos is used

in the manufacture of MONOKOTE® S. Further, any trace contam-
inants of naturally occurring forms of asbestos in MONOKOTE,
are bound in the in-place MONOKOTE so as to prevent asbestos

fibers from entering the environment.

15080805
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d. C. rang.
CURRENT ACTIVITIZS OF ZOROLZTjg ORE RESZARCH GROUP
02225313
PRIORITY I1:

a) Assist Libby to determine % tremolite fiber in bag house dusts, etc.
b) Assist Libby to determine % tremolite fiber in samples collected at
various stages of mill operation {sampling at Libby in process).

¢) Evaluate samples from North Carclina State University, using
different amines, tremolite depressant, and high pH media for tremo-
lite removal. (materials balance).

d) Generate basic information on veraiculite for hor%icultural applica-
tions and support on other research activities such as Bark Ash
patent work.

PRIORITY IT:

a) Support and evaluate 211 the material in the engineering projects on

fiber removal:
1. Binder development problem
2. Salting program
3. Electrostatic spray tesi
L, Fluid bed tests

b) Iaboratory evaluation of air-elutriation method for fiber removal
and other techniques.

¢) Count #il the air saaples for trezolite fiber content, collected in
all CPD operations (minss, plants, job=sites, etec.) and, also, when
working with products.

@) Support and count fibers in all the samples collected in the Comtrol
drop test.

e) Determine total dust content in oserating areas.

) Determine the asbestos fiber and silica content in MONOKOTE from
California,

J.C.Yang :mlxr Continued......
2/4%/77
15025910

088200948



CURRENT ACTIVITI=3 OF 293951153 ORE RESEARCH GROUP :
(conzinued) ' 02225
4 £11‘1

PRIORITY III:

a)

b)

c)

d)

Osmotic swelling and delamination of vermiculite fromthick booklets
to thin individual flakes whica will result in better dispersion in
process where mica can be ussd.

Check the variability of amines used in flotation agent received from
vendor for Enoree oreration (WRC).

Differentiate the hydrobiotite and vermiculite in our ore makeup in
physical and chemiczl propertizss which may give us a better under-
standing for expandibility and ion release in horticultural appli-

cations.

Develop revroducible and accurate methods for tremolite fiber deter-
minations as requirad.

Compile information on guantitztive silica content of all the
plaster of Paris from 211 the vlants manufacturing MONOKOTE products.

The determinations will be made saveral times a year.

Communicate and follow-up with D». W, Smith, Health Research
Institute, Fairleigh-Dickinson Uaiversity, on Animal Studies.

Verify Libby countirg data every two months.

Communicate with outside agencies, institutions, on similar health
problems and keep up-to-date devalopments and state-of-art in
instruuencal. analysis.

Plan to join a nationwide Proficiency Analytical. Testing program
(PAT)} sponsored by NTOSH to evazluate in-house technique and accuracy
for analyzing asbestos fibers. PRecently, a statistical study of
in-house cownting zccuracy was made,

Julie C. Yang:mlr

2/ufT7

088700949
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ArthurD Little, INC. acorn park - camsringe MASSACHUSETTS 02140 - :617) 864-5770

January 31, 1973
036413~

Dr. Julie C. Yang

Senior Group Leader

W. R. Grace & Co.

Rock Processing Chemicals
Construction Products Division
Cambridge, Massachusetts 02140

Dear Julie:

Per your letter of January 11, 1973, and subsequent telephone conversations
with Dr. Amold Rosenberg and you, I am enclosing a report providing an
analysis of asbestos (tremolite and actinolite) content of seven (7) un-
known samples as well as an operating procedure for determining asbestos
content in Monokote samples. The method employed has demomstrated a 2o
confidence minimum detectable limit of 0.15 weight percent, which I think
is especially good for a procedure based upon X-ray diffraction methods.

The overall cost for this work, which we will bill to your P. O. No. 41574,
is $1800. This includes the small carryover from the previous task
(December 19, 1972), diffraction scans of 12 samples, Method B and C

point count data for seven (7) sample$, Method C point count data for an
additional seven (7) samples, and finally, specification of a measurement
procedure.

I have retained all submitted samples and prepared X-ray samples should
they be required in the future.

Very truly yours,
]
Edward T. Peters
/mc
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January 30, 1973

PROCEDURE FOR MEASURING ASBESTOS CONTENT OF
MONCOKOTE MIXTURES FOR W. R. GRACE & CO.

0364 1124

SUMMARY

An X-ray diffraction procedure has been developed for determining the pres-
ence of tremolite and actinolite forms of asbestos in commercial mixtures
of vermiculite and gypsum, such as monokote. Based upon the results from
known chemistry standards, asbestos can be identified in these products
with a 2 ominimum detectable limit of 0.12 weight percent for tremolite

and 0.15 weight percent actinolite. Of the seven samples submitted for
measurement of asbestos content, all were found to have less than the
minimum detectable limits of asbestos, with the following exceptions:
African #3 - 1.90% tremolite and Kearney #3 - 0.30% tremolite.

INTRODUCTION

In December 1972, members of the Construction Products Division, W. R.
Grace, Inc., reviewed with us a need for accurately determining the as-
bestos content of various commercial product mixtures, such as monokote.
It was agreed that X-ray diffraction analysis appeared most practical.
Analysis of several standards (0.5, 1.0 and 2.0% tremolite in monckote)
revealed that the presence of asbestos could be detected by a diffraction
scan strip chart recording. To explore the possibility of improving the
sensitivity of the X-ray method, Arthur D, lLittle, Inc., conducted a second
set of experiments based upon the fixed count X-ray method. This proved
successful, providing a minimum detectability limit of 0.12 weight percent
tremolite in monokote. These results were presented in our report dated
December 19, 1972.

On January 11, we were asked to:

1) Prepare a calibration curve for the quantitative analysis of
actinolite, utilizing

a) Fixed count procedures, as before.
b) Area under the curve, after slow scans.

2) Conduct an analysis of several expanded vermiculite samples and
of the monokote product prepared at various locations from Libby
ore to determine tremolite and actinolite content.

In our preliminary work, it became clear that the actinolite standard mixes
were different than the other samples, in that they resisted dispersion in
mixing with amyl acetate. Subsequently, it was determined that the standards
were improperly prepared and a new set was submitted. On January 26, 1973,

a final expanded vermiculite sample was submitted for analysis. This did not
have the same pre-treatment as the other samples, resulting in a much coarser
particle aggregate size.

15034515
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Samples were prepared and analyzed similar to the earlier work. A des-
cription of the methods used and procedural outline are presented.

EXPERIMENTAL PROCEDURE 0364 1125

It was assumed that the pre-treatment provided by W. R. Grace resulted

in uniform, well blended samples. X-ray samples were prepared by mixing
20-50 mg of the powder mixture with amyl acetate to make a slurry. Thorough
mixing was carried out in a mortar and pestle after which the slurry was
poured onto a glass microscope slide and dried. All X-ray diffraction

data were carried out with a copper X-ray tube operated at 40 kV and 20 ma.
The apparatus utilized a post beam monochromator equipped with a graphite
crystal to minimize scattered, background radiation. Based upon the pre-
vious study and upon information from diffraction scans of the monokote
mixtures and pure asbestos standards, it was determined that the most suit-
able diffraction line positions for the asbestos peaks free from interfer-
ence from other peaks were at:

Tremolite - 20 = 28.5°
Actinolite - 26 = 12.4° and 28.5°

X-ray data were collected according to three basic procedures, as follows:

A. Diffractometer Scan

Scanning was conducted at a rate of 1°/minute over the range of 26=
4-50°. This scan exhibited all diffraction peaks. As shown earlier, this
approach permitted detecting the presence of 17 tremolite (at 20=28.5°),
and from the present work, 1/2% actinolite (at 20=28.5°). As both peaks
occur at 28.5, the direct scan approach can only say one or the other or
both forms of asbestos are present in monokote in excess of 1%.

B. Area Display (Slow Scan)

Scans were made at 1/4°/minute over the range of interest (26=11.9-+
12.9 and 28.0+29.0°). As there was little "area under the curve' for most
samples, equivalent data were collected by measuring counts in 60 seconds
at 28.0 and 29.0° as background and counts in a 120 second scan over the
peak from 28.0° to 28.0° as peak. The signal is then taken as peak minus
background.

C. Point Count

Data were collected at fixed positions from peak (12.4 and 28.5) and
background (11.9 and 28.0), recording the time (seconds) to collect 6400
counts, providing a 2 o probable error of 1.68%. In the case of the expanded
vermiculite samples, the 28.5° area of interest was influenced by the tail

.,of an adjacent, broad peak; for these samples, background was taken to be
the average of measurements at 28.0 and 29.0°.

15034514
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EXPERIMENTAL RESULTS

Diffraction scans for the 12 submitted samples are attached. Examination

of the traces showed the expected peaks in all cases. The three expanded
vermiculite samples all showed variation from one another, which 1is attri-
buted to small differences in the compositiom of the ore or processing
variables. The scans of wmonokote prepared at four locations were essentially
identical. The results from the variocus methods of analysis are given below,
with measured data presented in Table 1:

Method A

From the standards, a peak at 28.5° is observed with as little as 0.5%
actinolite or (from the previous work) 1.0% tremolite. However, at least
2.07% actinolite is required to observe the peak at 12.4°, Based upon the
higher backgrounds and interfering tails of adjacent peaks present in the
monokote and expanded vermiculite samples, it is concluded that diffraction
scans are suitable for identifying the presence of asbestos in quantities
of 2 weight percent or greater.

Method B

As can be inferred from the data presented in Table 1, slow scanning
fails to exhibit a peak distinguishable from background. Using the more
exacting measurement of counts collected at background (120 sec at 11.9°
and 120 sec at 12.9° or 120 sec at 28.0° and 120 sec at 29.0°) and from
background plus peak (240 sec for scan from 11.9+12.9° and 28.0-29.0°),
one observes in Table 1 that background is genmerally higher than peak
count. Although no clear explanation can be provided for this, it is
assumed that background is not uniform over the range scanned. The fact
that peak signal is so low, precluding a measurable area above background,
rules out this approach for determining asbestos -content In monokote samples.

Method C

Experimental data collected according to the Method C procedure are
presented in Table 1. Each measurement is converted to a counts/second
basis, with appropriate correction for the difference in background count-
ing rate at P and B positions as determined from the monokote blank. A
plot of signal (i.e., peak less background) versus composition for the
various standards is presented in Figure 1. With the exception of one
datum point, the tremolite data is in excellent agreement with the earlier
calibration curve (December 19 report), giving considerable credence to
the experimental approach that has been employed.

The actinolite data show some scatter. The curve at 12.4° (with a
2 o - confidence, minimum detectable limit of 0.15%) is employed to identify
the presence of actinolite. From Figure 1, the corresponding count rate
for the 28.5 actinolite peak is determined and subtracted from the corrected
28.5° signal. Any remaining signal is attributed to tremolite.

15034517
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Experimental data for the seven unknown samples is alsc presented in
Table 1. As the 28.5° peak position occurred on the tail of a major ex-
panded vermiculite peak, a more appropriate background was obtained by
averaging data collected at 28.0 and 29.0° positions. Even this approach
resulted {n an over-correction for background. This high background difffi-
culty is the result of a broad expanded vermiculite peak being present
at 26.7° in the Nesth Carolina ore employed for standards, where there
was no interference from peak tails at 28.0°, whereas it is present at
27.3° in the Libby ore resulting in a peak tail at 28.0°. As a consequence,
the absence of a peak at 28.5° in the four monokote samples using Libby
ore was inferred by a measured peak to background ratio of 0.86 for all
four samples.

The three expanded vermiculite samples showed no signal at 12.4°,
precluding the presence of actinolite. A measured signal at 28.5° was
therefore attributed to tremolite corresponding to 1.95% and 0.30% for the
African #3 and Kearmey #3 samples, respectively.

RECOMMENDED PROCEDURE

Based upon the experimental results described above, the following pro-
cedure is recommended for determining the presence of asbestos (actinolite
and/or tremolite) in monokote samples:

1. Mix 20 to 50 mg monckote mix with 20 to 30 drops amyl acetate,
mix in mortar and pestle, pour onto a glass slide (covering an
area of 4-6 cmz), and allow to dry.

2. Employing a Philips vertical diffractometer equipped with a copper
target X-ray tube operated at 40 kV and 20 ma, 1° divergence slit,
0.001 inch receiving slit and graphite-crystal post beam menochro-
mator,* collect the following data:

a. Measure time to collect 6400 counts at 20 = 12,4° and convert
to counts/second = P1

b. Measure time to collect 6400 counts at 28 = 11.9° and convert
to counts/second = Bl

c. Calculate S1 = Pl - Bl

1. If S1 = 0.4 or lower, assume no actinolite is present.

2. If S1 » 0.4, read % actinolite from curve (1), Figure 1.
Algo, read counts/second at same % actinolite from curve
(2) and call S2.*

d. Measure time to collect 6400 counts at 28.0, 28.2, 28.5, 28.8
and 29.0°; convert to counts per second; plot counts/second
versus 26; draw smooth curve through points at 26 = 28.0, 28.2,
28.8 and 29.0°%; take difference between 28.5° point and the
smooth curve and call P2.

*other experimental apparatus could of course be used, but would probably

require new calibration curves.
15034518
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03641156
e. Calculate S2 = P2 - §2*

1. If S2 = 0.7 or less, assume no tremolite is pregent.

2. If S2 > 0.7, read Z tremolite from curve (3), Figure 1.

3. For procedure as presented above, the minimum detectable limit
of tremolite is 0.12 and actinolite is 0.15 weight percent,
respectively.

15034519
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ADMINISTRATIVE RECOR 57795

CAMBRIDGE

TO: 0. F, Stewart, Enoree, S.C.DATE: Auvgust 31, 1973

FROM: _nnde ¢, Yang / SUBJECT: fraemolite Determination

in South Cerolina Vermi-

CcC: R. M. Vinuing culite Ores
H. A. Brown :
T. Lyall FIIE: 150 - Asbestos Determination in
W. F. McCord Vermiculite Ores
J. L. Wright
H. C. Duecker

A. M. Rosenberg

TABLE OF CONTENTS:

Objective
Summary
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Appendix 1

Table 1 .
Flgures 1 to 5 -.

OBJECTIVE:

——————————

To determine the tremolite content in S.C., vermiculite ores ke
various locations.

SUMMARY :

Instrumental means were employed to determine the asbestos content
in S.C. ores. The findings are listed as follows:

1. There are asbestiform fibers present in S.C. ores, but mostly
very finé and small. All the identifiable fibers are hornblende, an
saluminum-rich smphibole. So far no information has been published to
indicate whether this materlal is detrimental to health or not, as of
other types of emphiboles (tremolite, crocidolite and amosite) ard
chrysotile asbestos.

2. The only detectable difference between Allen end Waldrup type
specimens from the seme location (Poole #7) is that the Allen type has
relatively higher talc and hornblende contents than the Waldrup sample.

|5 I 25/2
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MATER JALS RECEIVED:

The following samples were sulmitted from 0. F. Stewart, Enoree,
5.C. at R. M, Vinning's request for tremolite analysis:

Semple No. Deposit Type
-222210-1 Poole #7 Allen
Poole #7 Waldrup
3 Allen Allen
L Poole #3
5 Burns Waldrup
6 Meadows Waldrup
T Yarborough Waldrup
8 Lanford Waldrup
EXPERIMENTAL, WORK:

Instrumental Methods Employed

X-Ray Diffraction A repid, non destrictive
re thod to identify crystel-.
line materials such as
ninergl species

A/ Scanning Electron Microscope To study the morphology of

(seq) _ . ‘ particules

Optical Microscopy To identify individual
particules by its optical
properties

Electron Probe Analysis (EPA) To analyze the elements

present and the relative
quantities of them

DISCUSSION OF RESULTS:

The instrumental analyses were done at Arthur D. Little, Inc.
by Dr. E. Peters and his collesgues, the interpretations were made by
J. C, Yang in collsboratim with E. Peters.

l. X-Ray Diffraction Dats

The ore samples as recelved showed an intense x-ray diffraction
peak at 20-28.5°. The position employed for our previous quantitative
measurement of tremolite in Monokote® and expanded vermiculite from
Libby mine. Attempts were made to expand the vermiculite 1) chemically
with conc. hydrogen peroxide and 2) thermelly for 3 minutes at 14O0°F,
but in the expanded samples the unwanted peak at 28.5° persisted. It

/\5’/525‘/\3



0. F. Stewaxrt ( -3- ( Julie C. Yang

was then decided topperform the x-ray diffraction enalysis to provide
identification and quantitative estimates of the mineral species
present, and to exsmine the fibers in seversl samples by scanning
electromnicroscope. If fibers were present, they would be identified
by the optical properties and electromyprobe. analysis for its elemental
ratio.

The mineral species in the samples were analyzed and tabulated
in Table 1.

All the samples were found to have x-ray diffraction peaks
that correspond to_hornblende or tremolite. Based upon the diffrec-
tion pesk at 8.40 A>hornblende line, the quantity of hormblende in
various samples were estimated and corpirated with other results in
Table 1. The distinction between hornblende and tremolite, as well
as whether they are in platy or fibrous form was then determined by
SEM and EPRPA.

2. Scanning Electron Microscopic (SEM) Examination and
Electron Probe Analysis (EPA)

A few represgentative photographs and profiles for the elements
present mre showm in Figs. 1 to 5.

Elements corresponding to various peak position are:

Mg 1.25 K 3.30 4 L.55
AL 147 Ca 3.70 Fe 6.% )
st 1.75 ca 4.05 Fe 7.05 .

Several fibrous particles were observed in each sample by SEM.
The chemical composition by the probe analysis showed that the ele-
mental ratio of SMg-1A1-16Si-4Ca, whereas the tremolite standerd
from Libby yielded a relative ratio of 5Mg-208i{-1K-3Ca. It thus
appeared the analyzed fibers were hornblende instead of tremolite
a8 we suspected, Other non-fibrous particles showed the typical
ratio of 2Mg-1A1-5Si (Vermiculite) with occasional replacement of
some or all of the Mg by K (hydrobiotite):

3. Optical Examinations

Two of the samples 22210-2, Poole #7 (Waldrup) and 22210-6,
Meadows (Waldrup) were examined by optical microscope, utilizing
the Montana tremolite sample as a standard. Observed fibers were *
found tolihave the refractive indices in the range of those of horn-
blende (measure = 1.623, 1.648) which are considerably higher than

the values for tremolite (2%=1.59, 1 Ge%)
e

/:s’j:s’zzﬂf;i/ly
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L., Chemistry of Hornblende

Hornblende series is a femily in the emphibole asbestos group
which shows a considerable variation in composition. The principle
features of the composition ere the presence of both Ca end Na or K,
the former dominating, the Al is partially substituted for Mg and Si,
and most of the members are deficient in silica. The camposition of
the series may be expressed by the two end members:

CayNa Mg, A1,S1,,0,,(0H, F),  edenite

CahNaz(Mg, Fe)8A1681120ku(on, F)h hastingsite

Compared with tremolite ¢ 51,0,,(0H),,.
5°8"22 2

Fluroine commonly enters into the composition to replace OH
in part, Mg by FelIl, Al by FellI, as do Ti and My for cations.

Such as Pargasite (Na,X) CaZMguAl3Si6022(OH)2
and Barroisite (Ca,na)é;zé(ug,re,Al)5;15(31,A1)8022(0H)2
are the intermediate members.

These minerals are monoclinic in crystal structure, and have
fiber-like appearance but ususlly very chunky (low aspect ratio). These
are soft and easily pulverizable like clay minerals, and quite different
from either the harsh Mg-amphibole, tremolite; Fe-amphibole; crocidolite.
and Fe-Mg amphibole, amosite or from the silky, flekible chrysotile '
asbestos fibers.

No known literature published to date has been found discussing
the effect of hornblende to health.

CONCLUSIONS:

1. All the S.C, ore samples analyzed are very similar in mineral
compositions. All of them are rich in vermiculite and hydrobiotite with
nminor amounts of hornblende, talc and quartz.

2. All samples examined contain asbestiform fibers that have
been identified as hornblende, an Al-rich amphobile, which esre fiber-~
like under light and electron microscope. This material is, at this
time, an unknown health hazard.

3. The difference of Allen & Waldrup type specimens from the
same location is the relative talc and hornblende content. Allen type
seems to be richer in both.

4. The SEM preparation procedure tends to emphasize the smallest
size particles, so that the method is not quantitative. Of all these
samples examined, 22210-2, Poole #7 (Waldrup) appeared to contain the
largest fraction of fibers. .

/545 25/5
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RECOMMENDATIONS FOR ADDED STUDY:

Since hornblende is a fibrous amphibole, the carcinogenic
potential of this material has not yet been found in any literature,
but it may be questidned in the future because of composition and
structure closely assoclated with tremolite and other amphiboles.

It is suggested to contact outside egencies to have an animal study
made on the potential carcinogenic effects of horblende, compared
with tremolite and chrysolite fibers. Usually, the test will teke
one to two years, but by then we will know for sure whether this
material exhibits any cancer-inducing potentisl.

Agencies and Institutions .@quipped to do this type of work:

1. Huntingdon Research Center.
Huntingdon, England

- where the carcinogenic screening of vermiculite (S.A.)
was done in 1970-1972.

2. Dr. Lewls J. Cralley
Occupational Health Program
National Center for Urban and Industrial Health
Public Health Serivce
1014 Broadway
Cincinnati, Ohio 45202

- previous contact, had studied amphiboles and chryso“f:ile
of various length, pure synthetic chrysatile and chxrysotile --
with added Ni, Fe, Co, etc. in the structure.

3. Dr. Paul Gross M.D,

Industrial Hygiene Research Unit JremeF Medeca f Setcrf
Dept. of Occupetional Health Lt 7 S. Canetel o
Graduate School of Public Health 7

University of Pittsburgh
Pittsburgh, Pa. 15213

- previous contact, did similar studies as Dr. Cralley.

Wownlirinnd

/S5 525/,
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8/31/73
TABLE 1 DETERMINATION OF MINERAL COMPONENTS PRESENT
IN SOUTH CAROLINA VERMICULITE ORE
(BY X-RAY DIFFRACTION METHOD)
SAMPLE VERMI-  HYIRO- BOTRLL,
NO. DESCRIPTION CULTTE BIOTITE HORNBLENLE TAIC = QUARTZ
22210-1 Poole #7 (Allen)  +++ —+ ++ (10-204)*%  ++ +
2 FPoole #7 (Waldrup) ++ e+ + {2<5%) ? Trace
. 3 Allen (Allen) -+ NS + (5-109) - -
I Poole #3 +H+ —+ + (2-5%) + +
6 Meadows (Waldrup) s + + (10-204) - Trace
Legend: +++ Major f{ "’“-.")s) 50%)
+  Intermediate (10-40%) .
+  Minor (1-9%) :
? Doubtful (<1%)
- None
*

The: percentage of hornblende in the parenthesis was determined
by the intensity of 2 = 8.L40 A°.

Nos. 5, 7, 8 not determined.

/I5/5 2577
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TO: H. C. Duecker

FROM: Julie C.

cc: H. A

J. W.

R. L
R. J.
G. G.
0. F.
R. H.
Jo L.
File:

Yang

Prown
Wolter
Oliverio/Libby
Kujawa/Libby
Vaplon/Libby
Stewart/Enoree
Locke’

Young .

71-048\

PURFOSE

DATE:

SUBJECT:

ADMINISTRATIVE RECORE:

February 23, 1976

Libby Ore Evaluation -
Ore Impurities

The objective of this investiéation is to determine the tremolite
content for each of the three mill.eircuits and end products at Libby.

SAMPLE SELECTION

Samples have been collected by G. Vaplon:

(a) material which entered the circuit,

(b) material which came out of the circuit,
(e) screened plant products as control and comparison with (a) & (b).

Fourteen materials were received:

(1)
(2

| T L Y P
O\ -1 £ W
S

le T NS~
N
R AN N
St Nt et el e M N i et s

EXPERIMENTAL

Clean Conc. -
Rough Conc.
Rough Conc.
Clean Conc.-
Rovgh Feed
Clean Feed
Rough Feed
Clean Feed
#1 composite
#2 composite
#3 Composite
#4 Composite
#5 Composite

8 x 20
8 x 20
20 x 65
20 x 65
8 x 20
8 x 20
20 x 65
20 x 65

Humphrey Sizer Concrete

I) Humphrey Sizer

l. Separation
The rock and fiber were separated from the vermiculite plates

by hand-picking.

2. Metiiod of

Analysis

12/3/75 9:00 a.m.

Each portion has been weighed carefully and then x-rayed for
their minersl content.

068ETX02076
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‘To: H. C. Duecker

From: Julie C. Yang
Feb. 23, 1976

Libby Ore Evaluation -
" Ore Impurities

03627801
3. Results and Accuracy

Wt. % Accuracy %

Vermiculite 86.71 86. 71 * 0.1+3 approx.*
Roeck - 10.58 10.58 + 0.05 a.pprox.*
Tremolite 2.7 2.7L + 0,01

Total 100.00

.*The rock confent may be higher than the figure shown at the
expense of vermiculite, since some of the granules can be classi-
Pied as vermiculite fine aggregates (showed vermiculite x-ray
pattern) but may not be expandable as we previocusly found (report
11/3/75 - Properties of Libby Vermiculite Ore). The fiber portion
showed a good x-ray pattern of pure tremolite with no rock contami-

nations.

IT) 8 x 20 Circuit and End Products #1, 2 & 3

1. Séga.ration

The samples in this group were sized by Ro-Tap screening to +50 and
~50 fractions. 100 gram vermiculite sample was Ro-Tapped for 16 minutes
taotal, a ten minute increment first,then three 2-min.consecut1ve intervals

to insure the achievement of consta.nt we:.ghts.

Then from the +50 gize fractions, fibers were hand-picked and
weighed. The bulk materials remaining were then chemically expanded with
304 HpOp individually. The light expanded vermiculite thus was separated
from the heavy rocks and fiber bundles by water flotation. Both portions
were collected, dried and weighed, then ground to -100 imesh and subjected

to x-ray examination.

2. Method of Analysis

Tremolite remaining in the samples was determined by quantitative
x-ray diffraction znalysis, and the values were added to those of the

hand-picked tremolite. In quantitative x-ray analysis a calibration

curve was constructed tc dztermine tremolite by afding 2 ¥rovm amount of -

Libby tremolite (hand-picked from #2 composite, opened and cleaned) to
a hand-picked pure vermiculite sample. The curve was made for daiermina-
tions up to 104 tremolite.

The total area under the £28= 2B8.5° in the diffraction pattern,
the peak responded to the max intensity peak of tremolite, was commuted
for the quantitative studies, and a second peak (height only at 2=
10.5°) was employed as a check for the interference (Figure 1).

20152821
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"'To: H. C. Duecker °
Ore Impurities

From: Julie C. Yang
Feb. 23, 1976

03627802

3. Result and Accuracy of Analysis

Experimental results are listed in Tabls 1. Since the detection
limit of tremolite by x-rays is about 0.2% in a specific sample, for
very low concentration occurence tremolite has to be concentrated in
the sample by removing the bulk of vermiculite. Vermiculite can be
removed easily by chemical expansion with 30% HoOp followed by flota-

tion.

On the chart, three tremolite contents (actually the range) were
given based on the detection limitations. .

4. Comparisoa of Material from 8§ x 20 Circuil and

End Products Composite #1, #2 and #3

The rock content of composites #1 and #2 are in line with those
of the concentrates in the 8 x 20 circuit, but the tremolite conteat
in these composites are definitely higher than the concentrates. The
exceptionally high tremolite content is noted in Composite #2, The
fiber contents in the 8 x 20 concentrates are slightly less than those

in the corresponding feeds.

IIT) 20 x 65 Circuit and End Products Composites #4+ and #5

1. Separation and Analysis

’ .Thebsamples in this group were sized by Ro-Tap screening to 3
fractions, namely +70, -70 +100 and -100 mesh size using the procedure

described in Section II ;.
In the +70 fraction of rough and clean concentrates, the fine

fibers present were balled up to pea-sized white balls, which were
The fiber balls were retained on a 50

Tiocer
separated by gentle screening.

mesh screen and weighed. To check the fiber content, the weighed fiber
balls were broken and redistributed in the sample and subjected to
quantitative x-ray determination. Since the fiber contents were very
low, vermiculite in these samples were expanded chemically and then
removed by flotation prior to x-ray analysis.

. In the -70 +100 and -100 mpesh fractions,- tremolite was determined
directly from the sample as received; since the vermiculites present in
these sizes are fairly small, the expansion and flotation will not sep-

arate the material effectively.

068ETX02078
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2. Results and Accuracy 0362780

The experimental date is presented in Table 2. 1In the +70 frac-
ticn of the rough and elean concentrates, the white fiber balls of -
tremolite separated by gentle screening were found to be 0.32 and 0.22%
respectively, in comparison to the values of <0.3% and 0.25% by x-ray

method.

Again the tremolite contents were given in a range (max. and min.)

in Table 2, hased on detection limitations of the method.

3. Comparison of Material for 20 x 65 Circuit
and End Products #4 and #5

The fiber contents in the concentrates of the 20 x 65 circuit are
definitely less than those in the corresponding feeds, and also in line

with the end product #'+ composite.

End product #5 showed quite a high fiber content (™+3.5%) and also
a high rock content. For a rough estimate, the unexpanded material in

this :composite‘is close to 40% of the total.

OBSERVATIONS and COMMENTS

1.

In the 8 x 20 circuit and the end product #l and #2, most of the fibera'
present are in heavy bundles and very small amounts of fine fibers except
some asdhered to the surface of the vermiculite platlets.

In the 20 x 65 circuit, most of the fibers present are opened fibrils
or smaller bundles. They tend to ball up into small -white spheres while

the sample is being sized by screening.

In the end products #4 and #S, the fibers are too shoert to form balls
but are distributed widely throughout the matrix.

Tebkles 1 and 2. the concentrates in bnth clrcults showed relatively
s fiber than in the feeds.

The expansion of vermiculite followed by flotation is a good method for
separgting the vermiculite from the rocks and the fiber, and the fiber
content is then determined by x-rays but the method is good valy when
the vermiculite size is reasonably large (~ 70 mesh or larger).

For the small sized vermiculite samples, the tremolite content can be
If

determined only from the sample directly by x-rays quantitatively.
the need ever came to determine the rock content in the vermiculite,

chemical” delamination method with 154 LiCl can be employed. The method
has been described in a previous report (T4 L8522, 9/12/75).

20152823

068ETX02079



-V

- " To: H. C. Duescker

e
1

AY)]
1
I

Libby Ore Evaluation -
Ore Impurities

From: Julie C. Yang
Feb. 23, 1976
05627801
CONCLUS TONS
1. The possible tremolite content of end products of each size and of concen-

trates from the three circuits are:

Tremolite Contents, percent
Range - Mean

Circuit

Humphrey Sizer 2.70 - 2.72 . 2.71

8 x 20
Dough soncantrate 0.21 - 0.71 0.k6
Clean concentrate 0.10 - 0.59 0.35
20 x 65 '
Rough concentrate 0.4 -0.86 0.63
Clean concentrate 0.7% - 1.20 0.97

End Product

Composites #1 1,67 - 2,17 1.92
Lk, 72 - 5,22 L. o7

#3 0.41 - 0.89 0.65

# 0.52 - 1,00 0.76

#5 3.45 - 3.97 3.7

Based on the experimental data, the approximate amount of tremolite present
in tons per day, out of each of the three circuits, will be as follows:

Total Materials out of, Mean Tremolite Content

Circuit the circuit (tons/day) (tons/day)
Humphrey Sizer 220 5.96
8 x 20 295 1.16
20 x 65 513 4,10

*
based on 22 Lo.rs in a day.

The #2 composite showed the highest tremolite content (even more so than

#5), and the fibers present are mostly in heavy bundle form, visible to
the eye. This fact is also true for the material in the 8 x 20 eircuit
and other coarse end products #1 and #3. The tendency of fiber balling in
the 20 x 65 circuit shows that the fibers are more opened or in thinner
bundles in addition to some extra fines distributed throughout the end

an
P

. products #4 and #5, which will lead to the belief that there is some degree

of down screening.

20152824
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For quantitative x-ray analysis, the detection limit is about 0.2%. Be-
cause of the variation in x-ray response from sample to sample (variables
such a8 orientation, sample thickness, and packing conditions) s the .

eterminations is approximately 2C.5% of ithe iremolite

accuracy of thesa determinati
present. Therefore, in Tables 1 and 2, computations showed the maxdimum

and minimum tremolite content possible tobe present in the sa.mple.

A previous report on Iibby vermiculite and tremolite densi’cy determina.—
tions (1/13/76) showed an appreciable density difference between tremolite
(2.92 - 3.1) and vermiculite (2.28 -2.61 depends on the degree weathering) °
and the difference in morphology. Tremolite can be separated from vem:[cu- '
lite by air elutriation technique based on the difference .in velocity of
particle settling. Meanwhile, the vermiculite plates.can be "polished” by
remaving some of tha ’i..e dust and fiber adhered to the snrface in- the air

stream. - A separate report’ wi]_'l. be writte

The conclusions reached assume the samp _ are all representative ‘samp].és~ :
of the operation. 1In reality, we know we have considerable varistion im -.

_.feed quality from minute to minute, hour-to-hour, and certainly from pile- o
“to-pile. st

This experiment should be repeated to obtain a better feel for
this variation. The sampling-technigue’is probably the most significant .
problem in the study. Reasonably good analytical results can be obtained
although very time-consuming. A‘bout $2 OM of la.bora.tory t:.me will be Te- '

quired to repeat this test.
J ie C. Ymg/‘/(

JCY:mlr
Attachments

20152825

068ETX02081



b lmruiari b wrn

03627805

. e i mmm ¢ e Cwen - -
-~ .
- —
- L = = i
I % Ty -
— - E T ml“
. . =1 ] : [="
‘-‘;l 8 - wdel 4 4 .
= = TEINGE Sy
= Ll.ﬂv-ul. e vy [~=d b iyey
—rr 1',“ -d 4 i g
: > v ot e A BB 1 o =
R ] e o
4|u-|... S preterverend ol VR '“ T Q.H— et B
— reyy L% Y o tT 3
— Tox T 5
— <o 1 T pteiy 1T
o =
$1 T '3 o3 =4 1O o4
= = o e e T e o et
T = = Sfg v i
.....ﬁ. HE e HESES
= = ERh AT I 7 s
Y y o o - ;
TN = -
Boi= E g = =9
X > = —e = ™ .
= v et ey - T ¢
= | KN
= > et 5 I{=T 225 R
= : 2 o =
7 — .
=it =l S s
= : Ty
» s s e . - o
= : T <
= : recd = A /
= T ro= + -
= B e
s -
= EEE=EE : it 8
e :
L i
: Y
: = (&..f
+ =SNG &
= 2 = i3
= o3 = 4
B N = =2 i\ 7
¥ e - ¢ 3 ; = - = 3 Y\
= = = ]«
+ = 5 -
o i - : ' i
&hH‘._\I.lr . % = = : ] ad SN
I X - ¥ » - ) - l" E o
!1...% P N % iy
= . = P
= ; N : ST g » : = R
. . = 2 . = 2
= Nt = 2 L.u@
5 :
> Wy v - — 2\ z : I | '
=R e e e e e : :
T = = e NG — (et -
- " — TR S 1 N SRRt it e
: -
=1 e =% == \ = N
! N : : -
4 A\ x
Y b = -\ z . ‘
= = 3 c..T
'I«. Y 2 e R T s ks T T o .
:
ey
I ==
Bt
: ==
= =
R e P
| 3 e - e
X4 = s M
U ¥ e
= :
=E -
sra=sd = <=
2 4 ] : S
=Y - iy
i =t =109
%
Yo —t"
: e e 3 -
/. L— o Sy T
Z : =
st s  } -
CIoT e = § =
A
B
S\ T & !
R et =et =X L. ' ui
- &2 | ’
N == :
= NG = =3 &=1 : '
3 = o3\ :
<= Vs
=
- x = —l -
H -~ — =
2=t T T o o
s S S TR e R i~
ppms [pe—— 0 - -
T [y wploas b e
: =i ="
0 - .
e 2015 =
ey L y ) NQN@ E
v I oms — -t
= y | % - [T [ =
- = =L $mrrboTT
1571 -+
P > 3 Lﬂb\'%l.‘i
1 8 4 -
D
A - -y -t

068ETX02082




Tame 2

Lc’b£7 Ore Evaluation -

20152827

gvzo Circalt 4  doarse dp.../)o:h‘-e_é

C2/, 42 + #3)

. 03627807

. +50 prsb, — ST heoedy A Tota] Trtwolile Coutest| . .
s;;:yl e et wt (%) Breakdoww (%) 0bS. 1"’-(7-) Breakel rwn (Z"L min (%) Iad-bw.) maz (f :
B - i ES . - - A —
N R S : S e . Mn bpxegaygs L VT )T . -
Y A Rﬂﬂ-jfn Feed | a9%3 .?i e Loz} Vel a:;7.__.__._. os.. . V__or.  {_ _{e._ ... _“.'_ B
N N $°C7" NN T N S .; At 7.':,. 2.5 % P DNONSI SU DUVSUR P U P——
. 4 - 4 [
Y RN R k3 | DR N A Y U R b
] —— . e ~W_K4Mr937 SRR (SRR S DR I
I 7o VY B T ! ' tau T | p47 ] T-=.0.08 Y ke | 7.3
$.X20 ; i ek £ 12 e : i
i i -
: _EpNerm,._ §3.2.0 ‘
P - | R4 V= o0
2| Rovgh Cove. | 9905 | Kwkilew 1534, Lzorod—095 |\ — Troos_f. | 02l |\ o4 | ozl _| - —
— @x20 . ke __!}, e { g 7 . f NN USRI DO o —
i fi i l .
e e - E_——. ——e Ex ,ym:‘...._ ?0.?{;:' [N, [T S— e e e ad ——
B R . ,n AU NNV BRS— A"H" o7 ) R
Ao ClranCove. | 99.37 | RekeT: . | 802 ircvoy._.l.ls’ N I 2 SRR 4 3 3| .59
N Fx20 (U SR I RTINS S I - - - ORI RS ST AU
. u...un,lad e+ e ] — N IV DR e
e . V 895 e | _~_"_;rv- 0¥ . _ e U IO o eem
" 21 Composile | Q488 zgosl .| oS T<ool o |. 16T 247 f. ) —
- —r—— . - e . . —— :.-. IS 6@,- PR [ [ PRV | PU— P e o e —— USSR PEDIURENRIE | DU
N (R DUS WPy D ] B I IR DOUTUU DU A : - —
- V. 8488 L e U PR PR - LR . - - e
12l 82 QOWMI; - 99.8L k /‘Z:soA RN - C L’J—V-N-? . 422 491 fizz . o
. - 7- YA T IO B e 7{" o.0l - . - -
N sp. V..T PEN o e o . 3 e e
. . . . : . K"-V—4$7 Y, i ok L
< #3 ComposilL | 95723 ReT 2112 } rEol 4779 ) c T.-o l? : 041 2.50 of7 a, asﬂmmj o Fremslite
o ; N S . i | e eqpanded U
s ; i !_' ; _b_ a:snu..- §-there I_.:_sao—.c_
i A ‘ § 3 — i ' fresolia fut ml—fr tHelg
. For +SOM r Exfanp( Verpizudlils ( 57’ f/:-‘._) ,,: e ot -8 ; dcfcd‘.‘ l,-.+¢-,x-u75(a g
o - ‘ i‘il R 0& y /,,& _...Sa’plrn—fll{ o Z‘?"""“'&'&- 7 . ; ‘ A a“hbu VM-”
— - . a ° Ff”’ - .[a-f—u_'f'{pn ﬁ 4 R A ! c&k"(?"‘ VM U’"ﬁ[!
'3 ca.. b-k d!*uﬁ‘c_ AQML

._.T Trewhfe‘ danr‘«f-__.._f auf..eqmv z«{?«?.:-_._xz‘; ..
. *fa

? P

3k
oy Maf{ fl"w-— /"q-f# T.rm-/a/e frn-d"vu‘

erlonte ! € Auanle !

o~ a—

bviy.raue (! o.ro.\—



2

Libb7 Ore & vatenilion

20152828

| Sayls

dox eI éireu,‘f' % Fruer C‘Ok,bnsiie.f

C &

4 #5)

03627808

Lirend

+7o0M

- 70 + {ov ealy

Totad Tremdife

Wb (7))

m—v

Brta-kJWﬁ() obE.

wk(2.):

lSreJdoWu (Z

win ) | wa¥cz)

N - S T i B . N .; —-
— S - . : e .g.-__...._- Ao ;j....__, o e i .. .,i e ﬂ IR T . -
- Rowjh 27 S B X7 N r'>_ 1o, % hight. _4.9% i __ReV ;?:_.}.-_?8 -~ 292 i ___Ret= 0&--‘..!. N 10/_,
WXS N “T N S __,._,.: e e T f=" WX A e s FE D0 e | s
i i i i i
i N

10

__Cleaw Fead

I T

P

= $51-5.F

_r63=1954.

R (% - 2-’7—.2}'1,
20X.55. T = 685=.92 J Tz .08

Yotz S7.38 5 Jarge il

i Fiber ballg

w

_.__Raql\...&ug.__

Q.%o ) |

2 34927
T <0.34%.

AX-H5——

$.35

T

-
=

<.

DR O 4. A

ey R

;&
NP S
%

SRR i

--;‘

‘i

i

TTREETY

A

‘d‘"“ quh .. & Jffn(a’ 5)!
kb

- 3" S S N S SN NUNUTIUUI (.
exp- Vel = 67.3 1] Zege sl . - Lo - .
L ——— SR PR | S ._qwﬁhﬁ M PR | S gl e v s . —— ._..Kq— k':. VAT 3 . - e - e 1 e
At lleanBonee | 32.65 0 Re7 iz25.345 . _S¥o___ R4V = 5347 I NP IS Pl I 0.74 _} .1z
O NS 7 N [ B T ~.025) Ny AP TY3 PRETI DS R NN P -
. e s emprian. Exf_ V.‘:' = 288k i} i R o . _..s’ VLRI (UL . . e B e . . — =
- rimnie - —— e e - — —_— ______R “V s R.85% . e - ’cp.: .0.6;_ R e
N X Cw-rmﬁ' 9b.sS | R T I 23 b‘} N BEX7 .;..___Jr...g.io.z: P S BT N - ,_-/e b e st 100
— —— - Yo ATS e b . TE 003 SIS DOV S -
i : i 1
N . 5,{,0" '..:..22.?3. _____ I H e | e - b N [
{= o e RS P Y7 - 5,55 1 R+p= 1297 -~ 345-f 37
B3| # & Couposit 44.11 CR+T. = arg . 3576 N P ! 20,19 Ll R B T
i ~_‘_"P_._ o R T -7 RGN Tl Milihe "’K 4 Lomeet 3
} o g 7 i :
— b Vm Mre 4)’,”43'-&:1 {.‘4.?4-.. Ca 7 [AAO" - g ... %‘{ ——— !i UR S e }i e
el : F:-Ho,« ﬂw& + . rf‘AJ’(—&' were e erafed f'mu 'c/m-.- ulz7 2xpanded [ /:7 7&(' frdfron I T
N . . i. ﬁmr&'& W u/a.‘s cfe {era. .‘.....( o rr ?““i;r‘. bathprefi X r-t7 l »--e_ff.u-t. of f‘ul RF71 sa e 74“;";,‘:“ .....
: i i : H l
B | SR . wen I NN . 1 .
Fol -0 +InM : . . ] . [‘ v-{"_
I e s Mo e S Fot o e L TR
. - _ i T, »n’ bJ +M»..I!G: e . L#Fa:-d'll ceral - alI (a: 7-)& B : - !‘
:_ T “_‘:_ - ‘;l':. as:uﬁm.,_ ;'m‘,.r‘ an.ouu:lf' o}.‘ .'fr(la-g;. Tk &xfm-d:l VM

v

. i .
(V- S !;‘:ﬂfckra.‘ﬂ_.l_? (0.a‘7»)

063BTAD2084)



-  yg5eis

et CAMBRIDGE CONFIDENTIAL LT APR 2¢ 1977
10 E. S. Wood \ OATE: April 19, 1977 .  ‘-,
from: Julie C. Yang SUBJECT: Trecolite Coateat
i in ZONOLITS® Products
cc: E. C. Duecker
H. A. Eschenbach
F. --
. .
o _ ADMINISTRATIVE HiECORN;»
.Bo CO c. Ou . ) M ': e - ..‘.. : - .
S £ S. C. Vaughan : e At
e T o Pile: TL-046 Cootr L Tl
o LV L S CL el mE AT
T z.-,"————-om:. .' . . - - o . : .._.- -..:.;.-...- .‘,-..‘E. . i-'
. " The objective of this stuly is to determine the tremolite’content-iaall 13 17
RN P T ZO05OLITS products rsde of both Libby and Xeurney vermiculites. In e few " - 3% .~
= "-'-" ‘ca.ses, repetitious analyses wers pade for product used an pr-sites, 80 N A
tl-.e.t co—relatl_ a Z:'é.'n“be :.s.d'e “with Ehe riSe.r couating” resuItx. R PR A T e

: \=TEOD )
' Whea tre=olite {s deter=fred fro= the product as received, in. x:.ost prod- --
) -ucts tremolite was not found bty conventional enalytical r.ethcds. The .- .
vene s trace azount can be deterninsd only when intensive concentration tech.::..qu:s R
FIWHAT AT gre employed.t Tresolite detarmipations®are then ride from the frictiozs' by *°
) - quantitative x-ray diffraction u.n.a.l;rsis and with the aid of petrcgraphic
'~x:icroscopic examination. ,

-’."".‘ 1. 'l‘en-a.-Lite Verziculites, Verxite. Redi-Eerths and Vetro-\ﬁ.res

The schezatic zethod of analysis and the results kave been reported in
T&A 50110 with lirmited distxridution. Tkey ere also reported here as
skcwa in scke=es 1, 2, aad 3. .

2. Sco*t"‘ Turf Suilder-

. - The mthod of concmtratlon was very si_'.-:ilu- to that of Terra.-m.te Ver_icu- :
- lite scheme £1, except in the water flotation step. A longer soaking period

- " .- was peeded to solubilize all the nutrients preseat, which was approxicately
o 50% of the-total weight. . .
. e . - I'e .. ce o - e . . " :

3. ZIC, Attic Fill, Masoarv Fill
. Same poncentration zathod as Terra-Lite (scheme #1).

- s me e o - =

»
-

"
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To: E.S.Wood Treoolite Conteat
Froa: J.C.Yang in ZONOLITE® Products
April 19, 1977 Page 2
4. MOROKOTE

Analysis of tremolite {n MONOKDTE was the most difficult and time-consuxing
. procedure, The glass fibers were screened off, plaster of Paris wvas dis-
tsolved in vater about 50-100 tizas the veight,:expended verziculite vas’
. floated off, and ell the washings were combined, filtered and dried. The ..
... £41ter paper and the organic matter were then burnt off; the recaining . .
residue was x-rayed for the tresolite analysis. Detailed separation and - . -

concentration procedure i3 shown in schen: ., : coL L.t
‘5. FOROLITE 3300 - _;i z : e e
7t .. . separation and concentration techntquas are sinilar to that of mnomm, SUILT
- - - but dilute acid (in ECl) was used to digest the portland ce=ent binder- R oy
" instead of usirg large excess of water for solt.bu.tzi_ng plaster of. Paris. ST
o The procedure is st:avninsch.e...“s . .
— - ——— p————e ._’.... .;...‘": L A = e} el e .——.’_..._.
RESULTS .

A " Tre=slite Content in ZDYOLI‘E Products

Ma - _. - ) —
*—W"c" PRI Y et \%i:“"‘i,-r. e \}":ﬂ: Rt \% T 21a s TGN ERRIEY T L ".t~

«Kearney
: .ID ¥o. - P-odu::t Desc::intion o % ".:re::siité
-1 " 7IC K-l Kearnmey. : .. 5.466
.2 ZcE-4/5B_ L . _.1.7ns
.3 Masocry Fill K-4 1.605
.9 . ¥esoory Fi11 X-3 - e - 050k
S b § MK-4 Kearney.3 <0.08 )
. .-- — ’2:;"'— """ : §:2-9§251:ESZ-§ V-P-‘-'&-u-.q“l"‘tﬂ_gz— .< .o _. 08 A -
- 011 o Terra-lite Kearnsy - . - k319 i s oy
. 18- ' - Terra-Lite T.R. _ .00 - - _
- 20 " Metro Mix 200 T.R. . (as rec!d) 0:398 . (dried)™ .L7T.-’
R - __Red?-Earth T.R. . - {as rec'd) 0.048 Jdﬂed) -071
23 (5). Verxte Carrier Grade g4, Keerney (St.Louis) 0.083 (<0.008) ~*
26 Metro-Mix 300, T.R. . (es rec'd) 0.08L (dried) O. 121
RS S Ye 259:1:‘1.5-329_-.2.!3;----_-__--_______-£§§-!:591«.12_9_}2!5----Lésisél-‘.’-%é?-

"Metro-Mixes and 'izedi-}:a.rths were computed both in as-received
basis and oven-dried basis since the product has substantial .
azount of moisture,




& S

*oven-dried basis

DISCUSSION e=d COMMENTS

E. S. Wood Trezolite Content
- a: J. C. Yaog in 21)1‘!012.11!’."a Products
i il 20, 1977 Page 3
by
Xo. Product Description . 4 Tremolite
0 . MX-b (L-3) West Chicago £0.10 -
6_ - - Mascury Fi1l (LhD-18) West Chicago _.__0.0L -
9: 4. Terra-Lite, W. Chicago 0.035 PR LI v
25 .- Attic Fi1l  (1-2) H'.Chicsgo 013, -7
28 Redf{-Barth (L) Santa Ana (as rec’d) .03 (dried) .O051
PR -Red.i-Ea.rth (L) W. Chicago - £0,02 ™
15 =3 Matro-Mix 200, (L) W. Chicago . (as réc'd)o 03k (dried)<.043
12 '.. - Zonolite 3300 (L-3) W. Chicago | & <0.007 o U
.3 ~ Concrete Aggregate (L4D-18) W. Chicago 0.3%k . Loy
15. '.'-,.-'j . Scott Torf Builder (L)"Dark .1+ <0.009 .. . e
222 | Scott Turf Bullder (;_.) Light <0.009 °
B. Tresolite Content iz Zonolite Job-site Semples ) ...._. Tt e
ID Fo. " Product Description Location ¢ Tresmolite .
-:.8. -,,N.-.ZK Roo? Deck ° (X /5 B) Moaotgomery, Ala. 2.828
9 Masonry PLIL (K=3)w....p . ..., Coluzbus, Ohic 0.050 . .
.28 .. Redi-Earth (I-%) " Forest-Service, Saata Aca 0.031 (.051)
‘ 5L . '-".'-'~ Mozckote-5 (L-3) - San Diego :° ‘. - NT<0.106 Sl v -,
S4 - ... Masopry Fill (x—h) - W.Palm Beach, Flsa. . - 2.86
SS FZIC (X-B) Edisoa H.S., Miani, Fla.. 0.476
58 - i Masonry Fil11 (L-3) Y.e.shburn & Coe Bldg., Oklahoma 0.250
ST-  Mogokote<h . (L-3) . ERyatt Regency, Da.L'Las . 0.2ko0

1. Sm:z of ‘the Kearncy products showed high "tremwlite" content since x-ray dit-

fraction method cannot dlstinguish massive tremolite (Eornblende?

_tremolite, Microscopica.uy, eost of the Kearrmey rmaterial showed trace or

- absence of ﬁbers.

- -

) and fibrous

-

2. m::oute fibers can be reduced {f a screened vermiculite is used such as in

verxite.
fines.

We have observed that mst of the fibers are concentrated in the

"

ey

@ S mm ey pe— = ¢
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: E.S. Hood
. J. C. Yang in ZONOLI’IZ@ products
april 20, 1 . Peg®

in several saxples was expressed 3n less than

ted that trecollite £iber was not dstected vy

: £ detection for tresolite by X-r&Y dirfrec-

2 tion tecbnique 33 aboub 0.2%.. Woen concentratiod gactors were taxen Into
‘paxizun trecolite content in each sazple was

eplite content excapt #5T, 82

- . K- P used 3t Hyatt Regeny D , which showed & 0.2 tre=o-
el _1ite; tbe vyalue bas peen double cked and 48 resl. - C e
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1. SCHEMATIC DIAGR!J‘S FOR TREMOLITE ANALYSIS

1. g}'zoute Detemin;tions {n Terra-Lite Veratculite

Terra-Lite vermieulite (150 g)

water flotatioa

- .. - - - o - o
Co ) Vermicuitte
S overnight | oven dried overnight] -oven drted” e ot L
. e at 110°C - - . at-110°C.~ ey - .
T J— SIS e m T _____-'__.:-...._—_':_‘__._.—'—:—
: weighed veigted L

. et SRR o

PRc TR 1)

PR --
-
P
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-
- -
- wom=— - e -
A . -
-
-
- -

Julie C. Yeng ‘
april 19, 1977 .. .- *
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2.

- . ‘bo solubi.lize the mxtrient

Trezolite Determination in Redi-Farth

Radi-Barth (350 g)
ovemi.ght 7

conpute th.. aoistu:re content

. come co ame

- " ms e @ wee

it ";if'overnight

'f.... o e s

wvater

oven dried at 110°C - - ‘

in. ru:ma.ce a.t SOO‘C (to burn ott the

) ) .o water’rlotati;::r AR

i mmE & Pmees - E————

- - o— —— - e - e» Swma
- -

[ ST -t
.

orga.nic mtter)

. meme me e w seo i
- - =
. .'.
.o eti -
- - .
. . . .en -
LRI S -— - — oo
. - -

s——-—n

. Ve*..iculite heavy particl-s .
B T T R S T R A e T L Tt T e D T
proceed as )
proceduxe #1
. Total Tremolite . : i,

Julie C. Yang
April 19, 1977
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Tre=olite Deterninations in Matro Mix

. - . ..ovemightl

April 19, 1977

Metro-lix Saople (kOO g)

oven dried at 100° C
Molsture Conteat Deter—dipation :
overnisht_LLn ﬁu.'nace at 500° ¢ (bwxn’ off peat moss;

-
-

- - i pice bask, etc.)
oo vater yto soluo].{.ze the nutrient .0
o ' " fweter flotation ) ot
s 4 * - - ’-‘: .
Ver=feulite & Perlite * .~ " Grevel, Sand, Dolocite, Calcite "
. R ' + heevy particles (Tre=molita) ™
. o;:e;'n?.gfzﬁ | oven—dried . .- - - <20 pesh-screefi- - o ... .
- .. . 110° ¢ ’ : : :
Y _ ’
< eed TSR e e *‘a:—b Deaa~ mve 178 -f'~"’. Y s ;. five ciperel dusts,
S g&:_d, sand, etc.
'@e:se__mjéng-sl 4+ _heavv verticles
. - *| weighed varticles ' :
) v . cveraight L oven-dried overnight ! oven drieq .
. 110° ¢ ¥ 1o0°c
> L weighed ) lve::..ghed .
- "l z-rayed ‘L-x-rayed L x-rayed - :
Tt . e v . .e . e . .
: T * . Trezolite Tre=olite - - Tre=olite -
" content content content
" - . - factored fectored " factored
U - | :
L sua
Totzl Tremolite
Julie C. Yang



T, L. TREMOLITE DETERMINATION IN MONOKOTE
< ,: °
MONOXDTZ (200 g)
.. plaster of Paris ”’ :
soze short fibers. & fires
<
: . - - *~-Water—{ bofl to solubilize:

~glass fiber

Va & soca fines

.. pla.ate:.

Ty R . L ffltration J. Rt
-7 - . ] R - - - o e repeatedmwtir:.e-
IR e . Lo e - - | total yolu== of -
. Filtdred | Fompiisdo s eSSy o | vater wsed m b -
dried & v%.ghe'd" Foeeme—em 7T | 10 Litess ool
- ) : = ':ﬁéavy rrac"ion N T : .
R TRLEE e e AN it ﬁltered ¥ “*‘ 3 -..'.'T(..""““" . ‘.:"; i
- - . '._' \P’ -
110°C ov'en-d.ried overmght -
v T e - SO B
S00*C! overaight to burn off the .
. 2 organic matter
- - .idue Tt T e X Tomm T
~ x-rayed ) . N
T (in triplica.te) -- TeTTr T
va & 115ht fines rock & fiber ©
- - filtered l * | filtered C e e
dried & weighed dried ]
4
weighed
.J( . -

Julie C. Yang
Aozil 19, 1677

TREYOLITE CONTENT




5. TREMOLITE DETERMIMATION IN ZONOLITE 3300

ZOWOLITE 3300 (200 g)
Screeaing ) .

-~

. a—%l%bg}liss' o . plaster, Va. .. .: e
- . S X rock and fiber .. | ToTTIELT

.boil

560 ml. . ectd. LTI
in ECY . - digesticn -
> e e e P o - e

—_—— in ECL o . i
| L *| Water flotatioa - __ - -

- 4

L \

. - : : L. . filteved, dried . .- C e
s N e T ' & ":eishedb- e Seadbane -’-.-‘ .: —-:A:;._..;‘

’
.
:
)
<n
.
3

~ . FRRPEN . .
hd Y “® s e
LI S .

Va. & gel ‘heavy fices
(siliceous
caterial)

.- 1} . -
N . . . filtered . .,

- . -. . . . \, . : .
. : ) -110°C overnight | eéxfed - --:---

.. e e cmmsan W amemeimm ——— - c——

oL velgked
¢ - R -
fn tripl.icizte x-rayed - -
- . . . e N i
. - TREMOLITE CONTENT
. - . .
- - A J

Julie C. Yang
April 19, 1977
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CONFIDZIUTILAL RETD MAY 25177

CAMBRIDGE 022252895
to: E. S. wood\ DATE: May 16, 1977
¢aom. -J. C. Yang sussect;  Tremolite & Vermiculite Content’
in Libby & Kearney Ore Deposits.
cc: R. M. Vining H. C. Duecker and Expanded Vermiculites
B. R. Willdums H. A. Eschenbach
J. W. Wolter B. A. Blessington
W. R. Hanlon C. C. Ou
D. M. Kirven F. W. Eaton ADM'M'STRAT'VF RECORD
R. C. Ericson 0. M. Favorito -
H. Locke S. C. Vaughan

R.
File: T71-0L8/0ug

OBJECTIVE

The objective of this study is to dstermine the vermiculite and trem-
olite content in ore concentrate and expanded vermiculite from the Libby
and Xearney mills. A sample of the head feed from the Libby mills, from
which all the Libby ore samples were decived, is also analyzed as a check
for the effectiveneas in fiber removal of the Libby operation.

The semples analyzed below are single samples of coacentrate or ex-
panded product, selected at random. Ve &¢ not know how sccurately these
samplss represent the averags vith resp=C¥ 06 tremolite (cr ampMidbole min-
eral) content. FPurtber sampling vill Be required to better establish more
typical or average values.

The reported tremolite content may icclude other amphibole minerals,
particularly aornblende, wihich cannot e distinguisped from tremolite.

SAMPIE DESCRIPTION

All the analyses made in this report were single sample analyses.
From the materials submitted in 5-10 lb. guantities, they were quartered
very carefully and repeatedly until th= desired sample sizes (200-300
grams) were obtained, which were expected to be fairly representative.
However, the range of variations in field sampling and in the geological
foroations were not established, so that the results observed may only
indicate a ballpark figure with #10% of 2ccuracy.

15025893
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To: E.S.7ood Tremolite & Vermiculite Cont2nt
From: J.C.Yung in Libby & Kearney Ore Devodits
Date: May 16, 1977 *  ond Expanded Vermiculites
ID No. Description Date and Source ~-
99952-31 Ore Concentrate L-1 )
99952-32 Ore Concentrate L-2 .-
99952-33 Ore Concentrate L-3 3/10/77 - R. L. Oliverio
99952-34 Ore Concentrate L-4
99952-35 Ore Concentrate L-5 3/1/TT - E. D. Llovick
99952-36 Cre Concentrate X-3
99952-37 Ore Conceatrate K-l 3/17/77 - O. F. Stewart
99952-38 Ore Concentrate. K-5
99952-39 Expanded Vermiculite L-1
99952-140 Expanded Vermiculite L-2 3/21/TT - F.W. Eaton
¥9352-48 Expanded Vermiculite L-3 3/9/TT - F. W. Eaton
(Terra-Lite)
99952-41 Expanded Vermiculite K-3
99952-h2 Expanded Vermiculite K-U 3/3/TT - 0. F. Stewart
99952-43 Expanded Vermiculite K-5
99952-46 Libby Head Feed - a cozposite 3/9/77 - R. L. Oliverio
6f 3 shifts
FETHOD
1. Tremolite Analysis of Libby #L and #2 Concentrate:
Since the fiber bundles and the rock azgregates are unusually large, tremo-
lite fiber bundles and rocks were first sepzratel by hand-picking of a
carefully quartered sample. The vermiculite was then separated from the
rock by screening. Rocks and fines in the -50 mesh fraction were x-rayed
for quantitative determination of tre—olite. The total tremolite was
obtained as the sum of factored portions from hand-picked and the fine
portions. The scheme of analysis 1is shown in Figure 1.
2. Trecmolite Analysis of #3 Ore Concentratz:

The concentration of rock fines and tremolite fiber fractioos are shown 'n
Figure 2. Vermiculite was separated by chemical exfoliation with 30% HO02,

followed by water flotation.

15025894
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.Wood Trecolite & Vermlculite Contens

£.5
J.C.Yang in Libby & Kecarney Ore Dcpoasil..
16, 1977 and Expanded Vermiculites

02225287
Tremolite Analysis of #4 and #5 Ore Concentrate: -,

A set of finer screens than the ores used in analyzing #3 ore was selected
for this separation. A diagram of the procedure is shown in Figure 3.

Tremolite Analysis of Expanded Veraiculite (size £2 to #5)

The expanded vermiculites are easier to work with since ttey were. expanded
already and the percentage of rocks and fines were lower than those of the
corresponding ore concentrates.

The procedure for analyses is shown in Figures L and 5, respectively.

Tremolite Analysis of the Head Feed:

The head feed sample from the Libby mill was obtained one day before the
ore composite collection from the scresning plant, and is the starting
material from which the ore composites wsre obtained. The analysis was
more complicated than the others since the size varied over a wide range
and the non-vermiculite portion was very high. The tremolite coaceantration
procedure is shown in Figure 6.

vVermiculite Analysis of Ore Concentrates:

To cross-check the vermiculite analysis from the scheme shown in Figures

2 and 3, for ore composites #3 and #5, a 100 g ore sample was tuken and
expanded in a furnace for 5 minutes at 1500°F., tren allowed to cool at
ambient conditions for halr an hour. In general, a weight loss of about
7% resulted from heat expansion. By previous experience, a higher vermicu-
lite yield will result from cheaical expansion since some of the poorly
weathered vermiculite will not readily respond to heat expansion but will
expand in Hy0p. The complete analysess of the Libby and Kzarney vermicu-
lites are shown in Tables 1 and 2. :

Evaluation of Fine Fiber Content:

In Table 1; a breakdown of the tremolitz fiber in ore concentrate by sizeo
fraction is also shown. The fines (-50i for size L-1 %o L-3; -1004 for
size L-% and L-5) can be considered to bs the maximum limit of the res-
pirable fiber portion (provided no further vigorous mechanical dagradation
of the material takes place in handling). ) -

Ve have also hand-picked the fiber bundles froa two L-2 ore concentrate
samples and run them through the eir-elutriation column built in the lab-
oratory. We then collected the airborns particulate through a series of
screens and then on a wet filter under vacuum. The scre2ns used wera graded
%5 eliminate the blockage of the filisr by large dust e2ggrezates and long
fibers. This experiment indicated the rider bundles were fairly stable. At
the end of 30 =minutes of the cir =2lutriation, the results are as tollows:
15025895
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To: E.$.Wood Tremolite & Vermiculite Content

From: J.C.Yang in Libby & Kearney Ore Depusits
Date: May 16, 1977 and Expanded Vermiculite
02225289

3. The fine size (and potentially respirable size) tremolite fiber contents in
the Libby ore composites were very low (in the order of 0.014) for L-2 ore-.
concentrate. Fiber bundles usually remain intact under normal operations "~
and are concentrated in the stoner. Some of the small fibers present be-
tween vermiculite plates may bg loosened during the expanding operatiocm, --
the amount yet to be determined. Another possible source of respirable
size fibers in expanded product is the breakdown of fiber bundles duriog
heat expansion. This will be investigated shortly. When all the sources
are identified and the approximate amounts become known, & metbod for more
effective removal or reduction can be sought with some confidence.

'/]::. (_ L. & C/___ ‘/

Julie C. Yang -

JCY :mlx
attachrents

15025897
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Tremo .o & Vermiculite Content

To: E.S.Wood
From: J.C.Yang in Libby & Kearney Ore Denosits '
Date: May 16, 1977 and Erpanded Veramlculi:e
TABLE 1
- 02225290
Tremolite Conteant of Ore Concentrate
4 Tofal
ID No. Description Date 4 vam, 4 Tremolite Tremolite®
-31 L-1 3/10/77 91.7 (+50M) 1.2
(-50M) .005 1.2
-32 L-2 3/10/77 9l.2 (+50M) 2.5
(-50M) .018 2.5
-33 L-3 3/10/77 78.1 (+50M) .653
(-50M) .013 0.7
-34 L-4 3/1/77 70.1 (+70M) 1.495
] - (-70 +100M) .232
(-1001) .009 1.7
-35 L-5 3/1/11 63.9 (+7014) .19
(-70 +100M) 1.016
1.913 3.0
-36 K-3 3/2/717 72.0 . (+50M) 1.60
(-50M) .158 1.8
-37 K-U 3/1/77 75.1 (+70M) 8.903
(-70 +100M) .554
(-100M)  .ug2 10.0
-38 K-5 . 3/1/77 75.6 (+7CM) 0.874
: (-70 +100M) 2.070
(-100M) 13.034 15.9
-k6 Bead Feed, 3/9/77 Q“ (+6M) 1.302
Libby _ " (-6 +20) 684
(-20 +70M) 1.235
(-70M) 609 3.8

* .
Includes all aaphibole minerals.

-
The material f£loeted after expanded with 30% H202.

SONFIDENTIAL 15025898
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To: E
Froa: J.

Date: May 16, 1977

Tremolive & Vermiculite Containt
in Libby & Kearney Oro Decnousity
and Expanded Vermiculits

TABLS 2

Tremolite Content of Exvanded Vermiculite

ID No. Deseription
99952-3% L-1
99952-40" L-2
59952-48 L-3
99952-h1 X-3
§9952-42 K-b
99952-43 K-5

Date
Collected

3/18/77
3/18/71
3/9/T7
3/3/11
3/3/17

3/3/17

»
Includes all amphitole minerals.

CONFIDEMNTIAL

g -

Vermiculite

7.7

97.1

97.7

g91.0

79.

’4807

02225291

e

~.&remolite
0.07b4

0.028

0.049

*

1.6

*

7.9

interferencs

15025899
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URE L

1Y TREMOLITE ANALYSIS OP *1 and %2 ORE COMPOSITES
02225292

Sample (200 g)
#FL or #2 >

i

hand picking

Veraiculite, Rock and rFinaes

Fiber Bundles

Screening

Vermiculite

x-rayed

Tremolite Conteant

factored

Total Tr=molite

J.Cs¥an3:nlr
5/26/Tt
15025900
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2) TREMOLITE ANALYSIS OF #3 ORE COMICIITE

Sample
#3 (150 g)

screening

-50M

FIGURZ 2

02225293

-

-

Vam. Exfoliation 30% R0, "301. H,0,
Oven dried 110°C/4-6 hours Oven dried [110°C/L4-6 hours
— - . - : "
flotation weighed
17
Vo Heavy fines
filtered filtered
—_ 4 N x-rayed
dried dried
i {
welghed weighed
E 4
v
Vm x-rayed
- - $ v
Tremolite Tremolite
. factored
Total Tremolite Content
5/16/77 15025901

- e m
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VICSURE ¢

3) TREMOLITE ANALYSIS 07 b and %5 232 CL4E05.TE

)
2225294
Snmple 1157 i)
screeaing e
- 70 + v304 - 100U
exfoliation ‘l filtered filtered
L !
overnight dried @ 110°C dried @ 110°C dri=d @ 110°C
¢
A o
water flotation weighed weighed
v J'
x-rayed x-rayed
Vo Rocks and Fines J
L
¥ Tremolite
filtered Trecwlite
v
overnigh 1 driled @ 110°C
Jweighed J
Vm
x-rayed
v factored
Tremolite
fa~tored |[faciored
sua
Y
Tobtai Tr2molite
J.C.Yang:alx 15025902

5/16/77
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FIGURE L
L) TREMOLITE ANALYSIS OF #2, #3 AND /I LXPANDED VERMICULITZ O,LZZ 5 2C15
Expanded Vermiculite (259 ¢) -

water | flotation

Vm Heavy Fraction
. screened
filtered
\Jr +30M -30M
dried r/ \W ,
J Vm and some fines mostly rocks and fines
veighed filtered filtered
v
!E -
lwashed washed
v
dried dried
+ J
x-rayed x-rayed
- N
Tremolite Tremolite
7/
factored
factored 1actor
sum

Total Trerolite

J.C.Yarg:alx
S/16/T7

15025903



‘J.C.Yang:mlr
5/16/TT

CONFIOTNTIAL

FIGURE 5

5) TREMOLITE ANALYSIS OF #5 EXVAND=D VERMICULITE

Expanded Vera (250 g) #5

water| flotation

Heavy Fraction

filtered

-

1d:1ed and weighed

x-rayed
Tremolite Content

fuctcred

Total Tremolite

15025904
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Exfol-
iation

water flotatioca

Vma Pock & Fiber

filtared

v

dried
v
weighed

v
Vo

Trenolite

buadles

J.C.¥Y2ng:alr

5/:6/77

30% Hz0

COMNFIDENTIAL

liead Feed

TREMOLITE ANALYSIS OF TIE IEAD FrZD

A head fced from Libby was analyzsd from which th2 ore composite
L-1, L-2, L-3 and L-U4 were obtalred.

7300 g)

Ser2ening

lwater flotation

7O\

Heavy Particles

m
handpicked™

4 »

N

y
Trecolite

x-rayed

ite

factored

Vo

Total Tre~olite

30% 0

F153 22

ON

02225232 )

water flotation

7O\

Heavy Particles

|
|

v

Tremoiite

filtered

l

dried

v

weighed
v

lx-rayed

Tremolite

factored

15025905
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nm:- ‘FeBruafLZI 1978 '
 CHARGE NOZFE 7% ?3‘/

;&‘,_f i
smc:nc m.m:mrx Collect data on tremlite content on verlfculite products
used byCPDcusto-ers. I R . H9s6T70
_ . . ADM!NISTRATWE RECORD
SUSGESTED APPROACH: .

DEADLDE (Last day information will be of value): Routine-referen-r~ user exposure
fiber analysis T & A.

DETAILS OF PROBLEM:
1. L 02 W. Chicago material used at American Hospxtal Supplyﬁaukegan. .
2. L n Attic -Milwaukee materfal used at Aldrich Chemca]/mlwaukee.

Above used a‘s packaging mterial. . B .

ACCEPTED BY RESEARCH DEPT.: 7t C %\/ MTE: 2/ 1/ 7% :

ASSIGNED 10: G Vw/gzm' /"

RDDITIONAL CCPIES: Original te Library, i_E_ilL.QQi_ F.W.Faton, T.E.Hemilton, J.W.Wolter.
-_ == - .‘..f‘-.'.\a)-, CP)°L ‘) -11 : 9:1'
15035521 -




'&:}«_‘f,‘k.. C
3-‘ R . s
PAGEZ A
T | i, NMEER: 67659 - -ih
REQUEST FOR TECHNICAL SERVICE =TT GROUP: CPD_ZONOLITE
H et . T b ACTUAL COST: $150.00
REFORTINS DATE: March ), 1978
_ 0384g090
l" -
T4
Ir -

295-3-2 * L -1, Attic Milwvaukee Aldrich Chemical, 0.083
material used as pack- Milwaukee, Wisconsin
ing material

Reference: Notebook 295-3 (SV)
X-ray chart: 900 #12

Gt tiay”

/ Julie C.'Yang -

15035522
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S CONFLYUENLLAL

CAMBRIDGE

TO: H. C. Duecker

FROM: Julie C. Yang

PURFOSE

cc: H. A.
J. W.
R. L.
R. J.
G. G.
0. F.
R. H.
J. L.
Pile:

Brown
Wolter

Oliverio/Libby

Kujawa/Libby
Va.plon/ Libby
Stewart/Enoree
Locke '

Young -
71-048\

DATE:

SUBJECT:

44 5699

February 23, 1976

Libby Ore Evaluation -
Ore Impurities

The objective of this investigation is to determine the tremolite
content for each of the three mill circuits and end products at Libby.

SAMPLE SELECTION

(a)
()
(c)

Samples have been collected by G. Vaplon:

material which entered the circuit,

material which came out of the circuit,
control and comparison with (a2) & (b).

screened plant products as

Fourteen materials were received:

(1
(2

—~
w

’;‘\r\'ﬁ
H AN~~~
N E

—~—~—
bt s~
=W O\
N N

EXPERIMENTAL

)
)

g

Clean Conc. -
Rough Conc.
Rough Conc.
Clean Conc.-
Rough Feed
Clean Feed
Rough Feed
Clean Feed
#1 Composite
#2 composite
#3 Composite
#4 Composite
#5 Composite

8 x 20
8 x 20
20 x 65
20 x 65
8 x 20
8 x 20
20 x 65
20 x 65

Humphrey Sizer Concrete

I) Humphrey Sizer

1.

D68ETX02076]

Separation
The rock and fiber were separated from the vermiculite plates

by hand-picking.

Metl;lod of Analysis

12/3/75 9:00 a.m.

Bach portion has been weighed carefully and then x-rayed for
their mineral content.

2015285
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‘To: H. C. Duecker Libby Ore Evaluation -
From: Julie C. Yang Ore Impurities
Feb. 23, 1976 '

03627801
3. Results and Accuracy
t. % Accuracy %
Vermiculite 86.71 B6.T1 + 0.43 a.pprox.*
Rock 10.58 10.58 + 0.05 approx.*
Tremolite 2.TL 2.7L + 0.0%
Total 100.00

.*The rock content may be higher than the figure shown at the
expense of vermiculite, since some of the granules can be classi-
fied as vermiculite fine aggregates (showed vermiculite x-ray
pattern) but may not be expandable as we previously found (report
11/3/75 - Properties of Libby Vermiculite Ore). The fiber portion
showed a good x-ray pattern of pure tremolite with no rock contami-

nations.
IT) 8 x 20 Circuit and End Products #1, 2 & 3

1. Se-garation

The samples in this group were sized by Ro-Tap screening to +50 and
~50 fractions. 100 gram vermiculite sample was Ro-Tapped for 16 minutes
tatel, a ten minute increment first,then three 2-min.consecutive intervals

to insure the achievement of constant weights.

Then from the +50 size fractions, fibers were hand-picked and
weighed. The bulk materials remaining were then chemically expandsd with
30% HoOp individually. The light expanded vermiculite thus was separated
from the heavy rocks and fiber bundles by water flotation. Both portions
were collected, dried and weighed, then ground to -100 mesh and subjected

to x-ray examination.

2. Method of Analysis
Tremolite remaining in the samples was determined by quantitative
on znalysis, and the values were added to those of the
In quantitative x-ray analysis a calibration
curve was constructed tc 3sztermine tremolite by 24ding 2 Vrovm amount of
Libby tremolite (hand-picked from #2 composite, opened and cleaned) to
a hand-picked pure vermiculite sample. The curve was made for cdzsermina-

tions up to 10% tremolite.

The total area under the Z8= 28.5° in the diffraction pattern,
the peak responded to the max intensity peak of tremolite, was comnuted
for the quantitative studies, and a second peak {height only at 29=
10.5°) was employed as a check for the interference (Figure 1).

x-ray difiracsi
hand-nicked tremolite.

20152821
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+ To: H. C. Duecker ~ 3 ’ Libby Ore Evaluation -
From: Julie C. Yang Ore Impurities
Feb. 23, 1976

| 03627802

3. Result and Accuracy of Analysis

Experimental results are listed in Table 1. Since the detection
limit of tremolite by x-rays is about 0.2% in a specific sample, for
very low concentration occurence tremolite has to be concentrated in
the sample by removing the bulk of vermiculite. Vermiculite can be
removed easily by chemical expansion with 30% HpOz followed by flota-

tion.
On the chart, three tremolite contents (actually the range) were

given based on the detection limitations.

Aoba 0V Dmmee Q . AN A 2
Tiadl I2om ¢ x 2C Cizcuit and

1‘4. Compa.rison of Materi
End Products Composite #1, #2 and #3
The rock content of composites #1 and #2 are in line with those
of the concentrates in the 8 x 20 circuit, but the tremolite conteat
in these composites are definitely higher than the concentrates. The

exceptionally high tremolite content is noted in Composite #2. The
fiber contents in the 8 x 20 concentrates are slightly less than those’

in the corresponding feeds.

20 x 65 Circuit and End Products Composites #4 and #5

III)
1. Separation and Analysis

" The samples in this group were sized by Ro-Tap screening to 3
fractions, namely +70, -70 +100 and -100 mesh size using the procedure

described in Section II ;.

In the +70 fraction of rough and clean concentrates, the fine
fibters present were b2lled up $o0 pea-sized white balls, which were
separated by gentle screening. The fiber balls were retained on a 50

To check the fiber content, the weighed fiber

mesh screen and weighed.
balls were broken and redistributed in the sample and subjected to

quantitative x-ray determination. Since the fiber contents were very
low, vermiculite in these samples were expanded chemically and then

removed by flotation prior to x-ray analysis.

- In the -70 +100 and -100 mesh fractions, tremolite was determined
directly from the sample as received; since the vermiculites present in
these sizes are fairly small, the expansion and flotation will not sep-

arate the material effectively.

2015285,
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To:
From:

H. C'Z- Duecker Libby Ore Evaluation -
Julie C. Yang Ore Impurities
Feb. 23, 1976

QN
2. Results and Accuracy 0362780C

The experimental data is presented in Table 2. In the +70 frac-

ticn of the rough and clean concentrates, the white fiber balls of
tremolite separated by gentle screening were found Lo be 0.32 and O. 22%
respectively, in comparison to the values of <0.3% and 0.25% by x-ray

method.

Again the tremolite contents were given in a range (max. and minp.)
in Table 2, based on detection limitations of the method. .

Comparison of Material for 20 x 55 Circuit
and End Products #4 and #5

3.

The fiber contents in the éoncentrates of the 20 x 65 circuit are
definitely less than those in the corresponding feeds, and also in line

with the end product #94 composite.

End product #5 showed quite a higa fiber content (~+3.5%) and also
a high rock content. For a rough estimate, the unexpanded material in
this :composite is close to 40% of the total. :

OBSERVATIONS and  COMMENTS

1.

In the 8 x 20 circuit and the end product #1 and #2, most of the fibers
present are in heavy bundles and very small amounts of fine fibers except
some adhered to the surface of the vermiculite platlets.

In the 20 x 65 circuit, most of the fibers present are opened fibrils
or smaller bundles. They tend to ball up into small white spheres while

the sample is being sized by screening.

In the end products #+ and #5, the fibers are too short to form balls
but are distributed widely throughout the matrix.

From Tebles 1 and 2, the concentrates in both circuits showed relatively
less fiber than in the feeds.

The expansion of vermiculite followed by flotation is a good method for
separating the vermiculite from the rocks ard the fiber, and the fiber
content is then determined by x-rays but the method is good uuly wien
the vermiculite size is reasonably large [~ 70 mesh or larger).

For the small sized vermiculite samples, the tremclite content can be
determined only from the sample directly by x-rays quantitatively. If
the need ever came to determine the rock content in the vermiculite

chemical- delamination method with 15% LiCl can be employed. The method
has been described in a previous report (T2 L8522, 9/12/75).

20152822
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To: H. C. Duscker Libby Ore Evaluation -~
From: Julie C. Yang . Ore Impurities
Feb. 23, 1976

0G8ZTS
CORCLUSIONS

The possible tremolite content of end products of each size and of conceh-

1.
trates from the three circuits are:

Circuit Tremolite Contents, perceat
Range ’ Mean

Humphrey Sizer 2.70 - 2.72 . 2.71

8 x 20
Doughk anncantrate c.2l - 0.71 0.6
Clean concentrate 0.10 - 0.59  0.35

20 x 65
Rough concentrate 0.4 - 0.86 0.63
0.7% 2 1.20  0.97

Clean concentrate

End Product

Composites #1 1.67 - 2.17  1.92
# L. 72 - 5.22 L.97
#3 0.41 - 0.89 0.65
# 0.52 - 1.00  0.76
#5 3.5 - 3.97 3.7

2. Based on the experimental data, the approximate amount of tremolite present
in tons per day, out of each of the three circuits, will be as follows:

Total Materials out of, Mean Tremolite Content

Circuit the circuit (tons/dey) (tons/day)
Humphrey Sizer 220 5.96
8 x 20 295 1.16
20 x 65 513 L.10

*

based on 2 o.urs in a day.

3. The #2 composite showed the highest tremolite content (even more so than
#5), and the fibers present are mostly in heavy bundle form, visible to
the eye. This fact is also true for.the material in the 8 x 20 circuit
and other coarse end products #1 and #3. The tendency of fiber balling in
the 20 x 65 circuit shows that the fibers are more opened or in thinner
bundles in addition to some extra fines distributed throughout the end
products #4 and #5, which will lead to the belief that there is some degree

of down screening.

20152824
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" aspect shortly.

to-pile.

quired to repeat this test. S

C -6 -
H. C. Duecker ' ~ Libby Ore Evaluation -
Julie C. Yang Ore Impurities

Feb. 23, 1976
03627805

For quantitative x-ray analysis, the detection limit is about 0.2%. Be-
cause of the variation in x-ray response from semple to sample (variables
such as orientation, sample thickness, and packing cond::.tzons), the . - ..
accuracy of these dstar—irnations is approximately 2C.5% cof the tremolite
Therefore, in Tables 1 and 2. computations showed the maximum =

present.
and minimim tremolite content poss:n.bletobe present in the sa.mple.

A previous report on Libby vemiculite and tremlite density detemim
tions (1/13/76) showed an appreciable density Qifference between tremolite
(2.92 - 3.1) and vermiculite (2.28 - 2.61 depends on the degree weathering) °
and the difference in morphology. Tremolite can be separated from ver;nicu- e
lite by air elutriation tecknique based on the difference . in velocity of

particle settling. Meanwhile, the vermiculite plates. can_.be polished" by
‘gust asd fiter w“m'-ed to the surface’ in* tbe a.ir

remvj.ng some of tha fize dust
stream. - A separate report’ wiJJ. be written to” descrlbe the_. d.eta.ils of that

T 2

The conclusions reached assume the samplés ‘are all representative samples . .
of the operation. TIn reality, we know we have considerable variation in .
feed quality from minute to mimxte, hour-to-hou.r, and certainly from pile- L
This experiment should be repeated to obtain a better feel for . - -
this variation. The sampling-technique is probably the most significant . .-
problem in the study. Reasonably good a.nalyt:.cal results can be obtamed S e
although very time-consuming. Ab o

J e C. Yang

JCY :mlr
Attachments

20152825
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NURBER: 50038

ConsTrRucTiON - ' '

= . OBUCTS . GROUP: Zonolite

bR | DATE: 2117

D"IVESION CItRSE 0.2 S.0. 86-036 P - 3=T)
' PAGE 1 RE{:ZLA;QT-:\. E' W Fatan

’ MARKETIGS or MANUFACTURDTG APPIOVAL, -
REQUSST FOR TECHNICAL SERVICE - RRME: F. . Faton -
AFPROVED: :%* Z
o3e27761” <

PROBLEM TIILE: Moisture and bulk density determination - Libby #2 binder trials.

SIGNIFICANCE: Determine effect water addition (12.2 GPH) has on expanded
vermiculite when water is used as a binder and applied at the

. product elevator and stonar discharge.

SPECIFIC OBJECTIVE: '
Determine 1.. % moisture
.- bulk density

- SUGGESTED APPROACH: '«

Part of total

DEADLIVE (Last dey information will be of va_x.e) ’\s soon as possible.
water binder evaluation and should be part of the oer;onne] ﬁber count, dron test

fiber count and tremolite determmatmn

DETAILS OF PROBLENM:

Determine moisture and bulk density.on samples CL2, EL2 and SL2. Material is. bei_nn‘

shipped from Weedsport in 3 cu. ft. plastic bags.

ACCEFTED BY RESPARCH DEPT.: <25 o7 ¢ / v?/ DaTE: 24/ 7 -
3

ASSIGNED 10: ,< /./z‘.,ﬁ/é 1{ o

¥.C.Duscker, H.A.Eschenbach, F.W.Eaton,

ADDITICHAL COPIES: Orleuml to Liorary , }
CZ0-Té4, File: Gaef3F .\
¢ AR LENE T8 |
C@ i R R A L E/r\ r 20152829
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..

HUMBER: 50038

GROUD: ZONOLITE

. REQUEST FOR TECHWICAL SERVICE . Ch
ACTUAL COST: ~ $35.00

REFORTING DATE: February 11, 1977

03627762

SUMMARY :

Three samples of Libby #2 vermiculite were determined for

moisture content. Bulk density evaluations showed no difference
before and after the moisture removal. The moisture content of the

stoner discharge material is considerably higher than the control,
The product elevator material shows slightly more moisture than the

control.

EXPERIMENTAL:
A representative portion of vermiculite was ta.ken from each
bag and quartered into 100 g samples. The samples were heated in

the oven at 125°C. overnight, to determine the moisture content. The
bulk density of the material as received, and after heating, was
determined.
‘ Moisture Bulk Densig; (PCF)
Sample Content (%) as received after heating
cL2 0.9 5.5 5.4
EL2 1.2 ' 5.7 5.6
SL2 3.1 6.0 5.9

Reference: 98162P

~ = Ll

S teven Vaugifan

SV:mlr
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CAMBRIDGE 0362 7763

10: J. W. Wolter DATE: January 6, 1977
Tremolite Content in Libby

SUBJECT:
Vermiculite Composites

fROM: dJulie C. Yang

cc: BE. S. Wood
R. L. Oliverio/Libby
H. C. Duecker
F. W. Eaten
File: 71-048

) Recently we have determined the tremolite content in Libby #2
composite for the electrostatic spray studies, and found tremolite
was in the range around 2.5% which showed a remarkable decrease
over the #2 composite we had a year ago. The sample obtained in
December 1975 showed about 5$ tremolite (report on Libby Ore Evalua-
tion 2/23/76).

If you would like to have the tremolite fiber content of
composites of all sizes checked occasionally, we would be glad to
The cost of fiber determination for size 1 and 2 is about

do it.
$80.00 each, and for size 3, 4 and 5 is around $120 per sample.

4

Jutie C. Yang

[

JCY :mlr

20152831
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AN e wY

GRIUZ: Zsld

;.@,Kc-b«'ﬁ- S lallle b bty

DA June 25, 1976
CCGHATCE KOs 7/ - %K

CONFIDENTIAL

A::;;):"".. Toes
L2 RGBUCTS

[Division _ . -
: rERuzEsSTOoR: _R. H. Locke ? “f—
PLGE 1 ] ) : :
‘. : | WAISETES o HUAEICIUIDG LITISVAL:
REQUPST FOR ToCHAICAL SIRVICE K3: B, A. Brovn..
o APPROVED:
03627764

PIORIIM TITLE: Perform quantitative analysis of one-bag samples of MK-4 and

MK-5 (already in Cambridge)

SIGNIFICAHCE: To determine amount of tremolite present. :
’ - : : ‘, ) L«

. SPECIFIC -0BJECTIVE: Approximation of analysis results which might bg~obtait{ed ..
by a laboratory facility other tham ours: 0 . T

The first approach utilize methods, ‘

_equipment, and procedures which CPD laboratory personnel yould use based on experience,
etc. Second approach to be that (or those).which an outside fadility would ‘use
(possibly .same as cPp; if different from CPD, possibly more than 3 single alternmate).

. be of velue): There is not now an identified

DEADLIKE (Last dey information
s are requeséed within a 30 to 45 day period if practical.

SUGGESTED APPROACH: Perform analysis twice.

deadline. HowevVer result

DETAILS OF PRC3LEM: y, C. Duecker is familiar with all pertinent details. -~

. . P
ACCEPTED BY FRESEARCH DEFT.: ‘/3:.,&., ¢ Z/\_px/ DATE: 75 ot

S B

ASSIGNED TO: .
' - 20152832 }

ADDITIONAL COPIES: Origimal to Libraery , B.A.Blessington, H.C.Duecker, F.W.Eaton,
P.E.Korenberg, R.H.Locke, R.A.Merther, L.S.Shu,

B.R.Williams, J.W.Wolter, E.S.Wood, R.M.Vining, CPD-T&A,

File: T1-048

CONFIDENTIAL

FegrTX02088]



Laveoss o g .
e , NUMBER - L5189
REQUEST FOR TECHNICAL SERVICE: GROUP:
T ACTUAI, COST: 2500.00
CONFIDENTIAL.  REPORTING DATE: _ May 26, 1977

SUMMARY : 03627765
Three bags of standard MK-I product from plant locations in
California from Los Angeles, Sante Ara, and Newark), and four MK-5
samples (from Los Angeles, Santa Ana, and Omaha) have been examined

for their tremolite content.

A1l seven samples as received showed no detectable tremolite
fiber content by x-ray determinations (our detection linit for
tremplite is 0.2%). However, the materials were fractioned; glass
Pibers were mostly retain2d on a +6 mesh screen, vermiculite was
floated off; most of the plaster of Paris was dissolved in water; and,
CELIF fibers and organic matter were burnt off. The concentrated
fines, collected on Millipore filter of 0.45 A, showed the presence
of trace amounts of tremolite fiber in two of the trace MK-4 samples

(Santa Ana and Newark). By petrographic microscopic examination,
this was estimated to be less than 0.C15% of the total sample.

The concentrates were then submitted to Arthur D. Little, Inec.,
for transmission and scanning electron microscopic analysis (TEM and
SEM), selected area eleetron diffraction (SAED) and energy dispersive

x-ray analysis (EDAX).

By these sophisticated and time-consuming instrumental analyses,

the amphibole fibers were: positively identified and analyzed. On a
mass basis, it was found to be* less thzn 0.006%4 of the concentrates.
which corresponded to 1.7 ppm~ (Santa Ana) and 4.1 ppm (Newark) of

the total MONOKOTE® sample weight.

EXPERIMENTAL: °
Concentration
The concentration procedure of MONOKOTE is shown in Figure 1.
The results are tabulatied a2s follows:

*
parts per million, or 0.00017%.

20152833

68ETX02089



06070X 1489

PAGE 2b

REQUEST FOR TECHNICAL SERVICE

Fraction Description

1 Soluble
2 +6 Mesh
3 -6 +50 -
Yy Fines

X-Ray Diffraction Analysis

Material Present

pPlaster of Paris

glass fiber

glnss fiver, expanded Vm,
some insoluble plaster

some insoluble plaster, fine
Vm, and tremolite (7), gypsum

NUMBER : 49189

GROUP; ZONOLITE

ACTUAL, COST: $2500.00
REFORTING DATE: May 26, 1977

0362'7'766

% by weight in each Fraction

MK-L MK-5

L.A, S.A. Newark ~ Omahs new Omaha S.A,

L.A.
(8/76) - (B/76) (8/76) _(8/76) old  (10/76) (10/76
28.5 4o,2 46,0 33.3 37.2 43.6 o, 4
57.8  56.9 W71 56.0 ho.2  u9 55.3
13.7 2,9 6.9 10.7 13.6 .T.3 4,3
100.04 100.0  100.0 100.0 100.0  100.0 100.0

No detectable tremolite found in any of the fractions of the seven samples,

?EQZQIOZ
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R o WUMBER : 49189
REQUEST FOR TECHHICAL SZRVICE: GR3UP: ZONOLITE _
: ACTUAL COST: $2500.00

CONFIDENTIAL o=t vy 26, 1977

‘Petrograpvhic Microscopic Examination .0362'7'76'7

Based on the characteristic refractive indices and optical properties of
vermiculite and tremolite fibers, using the liquid immersion technique, a
trace of tremolite was found in the -50M +0.45 u portion of Santa Ana MK-lU,

and Newark MK-4 samples.

Analysis by Arthur D. Little, Imec.

Even though the original request made by R. H. Locke was on one MK-4 and
one MK-5 sample, we have decided to do several more since the product from
each plant looked and bebaved very differently. The MK-4 from Newark was very
dense and the vermiculite present was poorly expanded in comparison with the
others. Product from Santa Ana was very bulky and the plaster of Paris pres-
ent in the composition dissolved more readily tham the others. )

The two concentrated samples suspected to have tremolite fibers were sub-
mitted to Arthur D. Little for fiber characterization and counting en transmis-
sion micrographs (Figures 2 and 3). Bach fiber being counted was analyzed by
SAED (selected area electron diffraction) to determine the structure of the
fiber. It was found that 25-40% of fibers did not yield an SAED pattern indi-
cating the fiber was amorphous, mostly organic and glass fibers, The breakdown
of the fiber types and amounts is listed in Table 1.

Scanning electron micrographs were also taken on some of the fibers. They
are shown in Figures 4 and 5, and energy dispersive x-ray analysis (EDAX) was
employed to analyze the elements present in each fiber. The results are shown

in Table 2.

CONCLUSIONS and COMMENTS:

The conclusion reached by A. D. Little, Inc. was that the amphibole fiber
content, on a mass basis, corresponded to less than 0.006% of the supplied con-
Letter from Dr. E. Peters of ADL is attached. Computing

centrated sample.
the amphibole content in the MONOKOTE samples from Santa Ana and Newark, this
cdorresponds to less than 1.7 ppm and 4.1 ppm, respectively. The level of

tremolite . fiber present was extremely low.

i [ //A/ g’-/z _/4"{
.}Za’:c. Yang 4
JCY:mlx

attachment

20152835
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REQU:ST};Q_}; TECHNICAL SERVICEl: CONFIDENTI A'L.

TABIE 1 - Fiber analysis by TEM (A.D.Little)

Sample 22281-1 Fines
Fraction from Santa Ana,

NUMBER: L9189

GROUP: ZONOLITE

ACTUAL COST: $2500.00
REPORTING DATZ:  May 26, 1977

0362°77€8

Sample 222B1-2 Fines
Fraction from Newark,

Fiber Observed MK-4 Sample MK-4 Sample
Total fibers observed 104 54
4 Amphibole 6 L
¢ Other Mineral (mostly gypsum) 33.5 35
4 Ambiguous Mineral (with insuf- o
ficient data for positive
identification) 3k.5 22
4 Amorphous (organic, glass fiber) 26 39
- 1004 10t
TABLE 2 ~ EDAX Microchemical Analysis of Fibers
Observed by Scanning Electron Microscopy (A.D.Little)
Relative X-ray Intensity
Sample 22281-1 : Strong Medium Weak " Probable I.D. .
Fiber 1 Figure 6a S Mg '
Fiber 2 - Figure 6b Si,Al Mg,Ca,S Fe,K amphibole or glass.
Fiber 3 - Pigure La Al - Ca,S,S1 gypsum (?7)
K amphibole or glass

Fiber L Figure Lb Si,Al,Mg,S Ca,Fe

-

Sample 22281-2

- Fiber 5 ‘Figure 3 S,Ca,AL

N6]FETX02092

. gypsum



Arthur D Litt]e, INC. scornpank - camesipee massacHUsETTS 02140 - (617) 864-5770

April 5, 1977
03627769

Dr. Julie C. Yang
Manager, Research Technologies
Construction Products Division
W. R. Grace & Co.
62 Whittemore Avenue
Cambridge, Mass. 02140
Dear Julie: C764%4

As we discussed during your visit on March 11, 1977, low magnifi-
cation transmission electron microscope photographs have been obtained
from two representative grid pore openings of samples 22281-1 and 22281-2
to permit an estimate of the percentage of mass attributable to fibers,
in particular, amphibole fibers. A previous analysis of these samples,

reported on January 24, 1977, identified the presence of fibers, most
These results can be summarized as follows:

of which were mineral.
Saufn Aua SETRTEN ¢
22281-1 22281-2
Fibers observed 104 54
Percent amphibole 6 4
Percent other mineral 34 35
(mostly gypsum)
Percent ambiguous mineral 35 22
26 39

Percent amorphous (organic,
giass fiber)

As some of the ambiguous mineral category may be amphibole, it is prudent
to estimate a maximum amphibole fiber content of 10 percent. Due to a
slightly larger fiber size, the amphibole fiber volume is Sbout 15 percent
of the total fiber volume, which corresponds to 1.6 x 10712 cm3 per grid
pore opening.
[}

To estimate the relative amount of fibrous material present in the
samples, low magnification TEM photographs were obtained from two repre-
sentative pore openings of both samples. These were assembled into

20152a37
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. 'Artﬁur D LittleInc
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April 5, 1977

-2- .
. 036277770

Dr. Julie C. Yang
W. R. Grace & Co.

montages, which covered entire pore openings. Particle volumes per pore
opening were calculated for the two montages prepared for sample 22281-1A
(exhibiting the heaviest particle loading) from the projected surface area

and an estimated thickness of each particle, as follows:

0.2um - particles showing electron beam penetration
over whole area

0.5um - particles showing electron beam penetration
at edges

1-2um - electron opaque particles
From these estimates, the ratio of fiber volume to total particle volume

was estimated to be 0.04 percent (0.006 percent for amphibole fibers).
For the assumption that the densities of all particles are equivalent,

these percentages apply on a mass basis, as well.

From this analysis, we conclude that the amphibole fiber content,
on a mass basis, corresponds to less than 0.006 percent of the supplied
sample, which represented the insoluble residue fraction of a leached
Monokote sample. This estimate should be reliable within a factor of

two times.
Please contact me if you have any questions.
Very truly yours ,A

2R

Edward T. Peters

/rdl

20152838
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glass fiber

CONCENTRATION OF FINES IN Z:!ONOKGTE®
MONOKCTE (200 g)
screening
] 0362'7'7'71
-50M
H4+-50M
e plaster of Paris
Vm. & Gless Fiber sone fibers & fines
hand pick .

/

_51a.ss fiber

J.C.Yang:mlr
5/26/77

68ETX02095

wa

\

B}
Vm. and
some fines

Ler
boil to

water

s

filtration

total volume of
water used
= 10 liters

rd
¥ f£iltered

4

110°c} oven dried overnight

overnight to oura off the

500°C | :
< organic matter

Residue

(submitted to ADL)

20152839
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. Arthur D Little Inc.

Figure 2.  TIransmission Electzon Image of Fibrous
' particles znd Corresponding SAED Patterms,

Sample 22281-1; 10,000x.
20152840




- Arthur D Little Inc.

03627773
|
!
Figure 3.'  Transmission Electron Image of Fibrous
" Pparticles and Corresponding SAED Pattermn,
Saxple 22281-2; 10,000x.
201% 2841




 Arthur D Little Inc.

NRGT?T74

\
Figure 4./ Scanning Electron Micrographs of
Fibrous Particles in Sample 22281-1
a) S5530x, b) 5500x

20152842




-Arthur D Little Inc.

03627TIS

Figute_S'\ Scanning Electron Micrograph of .
a Fibrous Particle in Sample 22281-2, _ .
5500x.

20152843
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Scanning Electron Micrographs of
Fibrous Particles in Sample 22282-1. 20152844

a) 2400x, b) 1100x

Figure 6‘/




Construclion Products Division

03627777

CHARACTERTZATION AND PREPARATION
' OF RESPIRABIE SIZED TREMOLITE
FIBEER AND VERMICULITE
FOR ANIMAL STUDIES

( by: Julie C. Yang

April 8, 1976

20152845
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) CAMBRIDGE . 036277
( -
TO: H. C. Duecker DATE: April 8, 1976
FROM: Julie C., Yang SuBJECT: Characterization and Preparation
of Respirable Sized Tremolite
cc: H. A. Browm Fiber and Vermiculite
J. W, Wolter - for Animal Studies
‘H. A. Eschenbach
R."H., Locke
File: 71-048 5
PURFOSE
The objectives of this study are to find out the size distribution and
concentration of the respirable size fibers and vermiculite on the air filter
collected by the the Industrial Hygiene. and Environmental Health group in the
field, and to prepare the samples corresponding as closely as possible to
these air filter material, for animal studies. :
AIR FILTER STUDY
Several randomly collected air samples from Libby at fairly long time
: intervels were collected for fiber contents and submitted to Arthur D. Little
€ for sizing and distribution studies.

Two samples were sent:

Sample No. 'Collectigi’ﬁ.me_
22260P-1 248 mins.
-22260P-2 300 mins.

Fiber Count (Optical/L0 Fields)
0.18 Fiber/cc air
2.15 Fiber/cc air

The results from Arthur D, Little are shown in Tables 1 and 2, Fig-

ures 1 - 3; and conclusions reached are summarized as follows:

1)

2)

4)
5)

f ARETX N 107]

On the air filter the respirable sized vermiculites and tremolite
fibers are roughly in 50-50% ratio.

The respirable size tremolite fibers are mostly less than 10 microns
(< 84 510 n size), and the geometric meen length of the fibers is
around 3.1 pu. '

T:2e respirable size vermiculites ars also less than 10 P having an
‘average slze about 5 u. ’

The aspect ratio of the fibers is in the range of 11 to 15 a.
Computation shows that the fiber counting with SEM (scanning electron
microscope )@ 20,000 magnificaticn. ™:e total numbers of fibvers found
per unit area (1 cm2) is about seven times in number of the fibers
found by optical microscope counting at 400 magnification.



To: H. C. Duecker ' ’ Re: Animal Studies
From: J. C. Yang - April 9, 1976

03627773

SAMPLE PREPARATIONS

After we characterized what we have on the air filter, attempts
were made to prepare both respirable sized vermiculite and tremplite fibers

as closely as pessible to those found on the air filter.

From previous research work (report on Libby Ore Evaluation - Ore
Impurities, 2/23/76) we bave found that Libby #2 vermiculite product has
the highest tremolite fiber content in the order of 5% by weight. Since
the sizes of #2 are fairly and easily to be handpicked, it is used as &
starting source for both tremolite and vermiculita.

. The tremolite fiber bundles picked out from Libby #2 are fairly clean
and free of rocks, greyish in color, soft, and sometimes waxy in touch. They
broke down easily to fine fibrils when degraded, which looked extremely
similar to those found on the filter or floating in air in the Libby opera-
tion, which are quite different than the tremolite found in associated wveins
in rock form; they are generally harder and harsher, most of which were

removed in the floatation process.

1) Tremolite Fiber
a) Clesning | |
Tremolite Piber bundles were band-picked from Libby #2 product, cleaned
with acetone and then distilled water. The bundles were then opened with
Waring Blender for 2 minutes at high speed, filtered and dried in the oven
at 105°C. for about four hours.

b) Milling
' .The oven-dried material was Spec-milled in 0.5 g batch for a total
of 45 seconds; but after each 10 seconds milling interval the mill was

stopped and the material reruffled to avoid excessive packing.

The Spec-milled samples were tben chilled in dry ice-acetone batch,
chilling at.low temperature increases the brittleness of the fibers and
makes them easier to be pulverized. The chilled fibers were subjected
to a Wiley mill with a built-in 60 mesh screen, a mill which has been
designed especially for milling fibers. The Wiley milling was repeated
another three tires. Between runs the material has to be chilled again

thoroughly with dry ice.

c) ‘Sedimentation

¢ 0.8 g of the Wiley milled sample (mostly 2-4 u in size, some up to
30 n with some bundles under light microscope) was dispersed in two liters
of distilled water, allowed to stand for 20 minutes; then, decant the
cloudy solution into 250 ml or 500 ml graduated cylinders which were
employed as sedimentation columns, and dilute the solution to twice its
volume with distilled water, The solutions in each column were lightly
stirred and allowed to settle for twenty minutes. The cloudy solution
was then filtered by an HA type Millipore filter of 0.45 u. However,
the filterate looked ‘extremely clear and showed some small particles under

the microscope.

O68ETX02103



To: H. C. Duecker Re: Animal Studies
From: J..C. Yang " April 9, 1976

03627780

The solid collected from the beaker and the column were recombined
and treated with another 2 liters of distilled water, poured into columns
and allowed to stand overnight. The cloudy solution was again decanted
and filtered through the Millipore. Coarse solid remained at the bottom
of the column from the second sedimentation, was filtered and saved for
future remilling. The five fibers collected on the top of the Millipore
were then examined by light microscope. It was found most of the parti-
cles were around 2 p, and a few long fibers up to 20 p.

d) Cleaning and Resizing . -

_ The finished crude product from step c. ‘was redispersed in the order
of 2 g/4 liter distilled water, and allowed to stand in columns for over
half an hour. The decanted cloudy solution (about twice as dense as solu-
tion in step c.) was then filtered through Millipore filter. The solid
left at the bottom of the column was dispersed egain, ultrasonically, for
2 miputes in 40O ml water., The milky solution was then diluted to another
¥ liters and allowed to settle in colummns for a final 20 minutes. The
fines were collected on Millipore by filtering the decanted liquid, dried
as examined by light microscope. The product has mostly 2 au in size, very
few larger fibers but a few up to 10 u. The solid remained from decanta-
tion was again filtered and saved for future remilling.

2) Vermiculite

a. Cleaning

" The vermiculite platlets were also hand-picked from Libby #2 product,
cleaned in Soxhlet extractor with isopropyl alcohol, then acetone, and
finally water to remove all the trace of organic contaminants used in the
flotation process; then oven-dried at 105°C. for several hours.

b. Milling
The oven-dried vermiculite was then chilled with acetone and dry-ice

mixture, Spec-milled in 2 g batches for 10 minutes. At the end of 5 min-
utes, the mill was stopped and the material was reruffled.

c. BScreening

The milled sample was screened with 325 mesh screen. The -325 mesh
product showed the desirable respirasbls size. Nost of the particles were
2 -~ 4 1. Some large plates were about 10 -~15 A. The +325 mesh material

was also collected and saved for future remilling.

20152848
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" To: H. C. Duecker Re: Animal Studies
From: J. C. Yang : * April 9, 1976
y 75
3) Proportioning Qooa

5 g of tremolite and 5 g of vermiculite, prepared from step 1) and
2) respectively, were carefully weighed out on a semimiero balance, and

then transferred to a 4 0z. size wide-mouth glass bottle in which some

silver wires were added to break up the powder surface when mixed on a
roller mill. The mixing was carried out for about 16 hours. Because of
the morphology and density difference, it will be suggested to Dr. Smith
that when this sample is being used for animal study, an appreciable
quantity (such as 1 or 2 grams) is taken, then dispersed in the saline
medium ultrasonically, prior to use. The purpose of doing this will
eliminate the localized inhomogenity and selectiveness of a very small

sample,

Characteﬁzution

The respirable-sized fibers (2260P-4 and 22250P-5) have been sent
to A. D. Little for sizing and comparison with the fiber found on the air
filter. The results are also shown in Tables 1 and 2, FPigures 7 and 8.

Scanning electron micrographs of these materials are shown in Figures 9 -

10.
Results from A. D, Little and our own microscopic sizing indicated
that the respirable size fibers and vermiculite vwhich we prepared are

very similar to those on the air filter. However, sample 22260P-4 is a
fiber sample of finer size, extremely time-consuming to obtain in large

We have then taken a different approach to obtain 22260P-5

quantities.
The two samples of 8 grams each

which is slightly coarser than 22260P-k,
we have  submitted to Dr. W. Smith are:
1. 22260P=5 - respirable sized tremolite fiber

2. 22263P-2 - a mixture in 50-50% of respirable sized tremolite
fiber (22260P-5) and vermiculite (22263P-1)

The final characterization of samples will be made by Walter McCrone
Associates:

1. 22260pP-5

2. 22263pP-1 respirable sized vermiculite

3. 22263P-3 a saline suspension of 222632-2 will be prepared
v by W. Smith's group for animal studies.

respirable sized tremolitve fiber

20152849

Ih68FTX02105



S
S ( _ 5 - { i
" Po: H. C. Duecker ' : Re: Animal Studies
. From: J. C. Yang © April 9, 1976
03627782

5) Sample Preparation for Animal Injection Studies

Dr. Smith's group has been preparing samples by dispersing 2 g of
the solid in 40 ml 0.9 g salinme solution in a 100 ml Erlenmeyer flask,
then autoclaved for 15 minutes at 15 -20 psi to sterilize the material.
After it was cooled off, the mixture was shazlken by hand and drawn into

a syringe in l ml aliquot for injection.

By observing the preparations made with R. T. Vanderbilt sample
(talc and tremolite mixture), solid settled very quickly in the saline
solution immediately after shaking. loying such technique, I would
expect the animals got different doses of material depending on the
technique of the operator and the rate of settling at that specific time.
In addition, the fibers present may be in bundles or small balls not fully

opened.-
As a result, I have recommended the use of ultrasonic dispersion.

2
The saline suspension after autoclaved should be subjected to a 10 minute .
sonic dispersion. It has been demonstrated the respirable sized material
was suspended gquite uniformly for an hour or more without settling. Im
case of any fiber balls or bundles present, th.y will be fully opened and

dispersed, too.
Each animal will get 1 ml of the suspension which has 25 mg of the

solid theoretically.
ot o sy

Julie C. Yang

JCY:ml~
attachments

20152850
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TARGET SHEET

EPA REGION Viii
SUPERFUND DOCUMENT MANAGEMENT SYSTEM

DOCUMENT NUMBER: 495699

SITE NAME: LIBBY ASBESTOS

DOCUMENT DATE: __02/23/1976

Q

DOCUMENT NOT SCANNED
Due to one of the following reasons:
PHOTOGRAPHS
3-DIMENSIONAL

Q

a

S 0 0 0o 0 O

OVERSIZED

AUDIO/VISUAL

PERMANENTLY BOUND DOCUMENTS
POOR LEGIBILITY

OTHER

NOT AVAILABLE

TYPES OF DOCUMENTS NOT TO BE SCANNED
(Data Packages, Data Validation, §ampling Data,)CBI, Chain of Custody)

DOCUMENT DESCRIPTION:

TABLES | &2, FIGURES | - 10

Contact the Superfund Records Center to view available document.
(303) 312-6473
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ADMINISTRATIVE RECORD

CONSTRUCT 10N REC'D IUMBER: 169515 §{Addendum)

. GROUP: BPD
PRODUCTS APRS 1978 DATZ: /1e
D!VISION : CED. ENG CHARGE NO.:__ ;- 174 _

. REQUESTOR: R. C. Ericson
PAGE 1 HARKETING or MAIWUFACTURLIG APPPOVAT.:

REQUEST FOR TECHNICAL SERVICZ 03645256 HAME: R. C. Ericson ..

mom: ﬂ£ iL;\'-\-nq

PROBLEM TIILE: Determine % Tremolite in sanples.ot Libby #1 "Attic"™ taken from the
volume yield test run on a Model A furnace in Chicago 3/8/78.

SIGNIFICANCE: Information needed as part of our continuing study of how to reduce..
tremolite contamination in the finished product.

SPECIFIC O3JECTIVE: 180 cu.ft. of product shipped to Weedsport. Pred Eaton will run
v simulated Attic Pill trials — E. S. Wood memo 3/2/78 attached.

SUGGESTED APPROACH:

DEAILDNE (Last day information will be of vz2lue):

DETATLS OF PRGBLEM:

Samples Furnished Data Attached
—{1) Test #2 ~ Samples 1, 2 & 3 (1) Data Sumnary Sheets (3)
to be composited together - ’ :
Finished product (2) Analysis of screened unders -

Cambridge Q. C.
12) One Sample, screen unders

ACCZPTED BY RESEARCH DZ¥T.: 3. C. Yana - 5»\, ‘//‘Yﬁ 3/)-// 79

ASSIGHED TO: L""’"S = /) 7 te !6(.—%
ADDITIONAL COPIES: Original to Lidrary 4. c¢. puecker, E. S. Wood, F. W. Eatoa,
R. E. Schneider, J. W. Wolter and R. C. tricson

C@]\]FJDEMT}AL 15035669



REQUEST FOR TECHNICAL SERVICE

St e

N@EER: 69515 Suppleaentary
GROUP: BPD

ACTUAL COST: $230.00
REFOSTING DATE:  Aoril L, 1978

0 L]
. 3645' .
< < 7 .
STMMARY :
Two samples were received for tremolite analysis.
DATA AND ANALYSIS:
The results are:
I.D. Ro. Description unfloatable - Tremolite
C) Composite of sample from. 1.5 .02
Test #2 - Finished product .
2) Screen unders 100.0 4.6
“¢2-Ce Ce W
e C. Yang
JCY :mlx



EeY 4751

‘ \ CLONFLDENLLAL

CAMBRIDGE

TO: H. C. Duecker DATE; February 23, 1976
Libby Ore Evaluation -

SUBJECT:
Ore Impurities

FROM: Julie C. Yang

cc: H. A. PBrown
J. W. Wolter
R. L. Oliverio/Libby
R. J. Kujawa/Libby
G. G. Vaplon/Libby .
0. F. Stewart/Enoree 03627500
R. H. Locke’ :
J. L. Young -
File: 71-048)

PURFPOSE
The objective of this investiéation is to determine the tremolite
content for each of the three mill eircuits and end products at Libby.

SAMPLE SELECTION
Samples have been collected by G. Vaplon:

(2) material which entered the circuit,

(b) material which came out of the circuit,
screened plant products as control and comparison with (a) & (b).

(c)
Fourteen materials were received:
(1) Clean Conc:: - 8 x 20
(2) Rough Cone. - 8 x 20
(3) Rough Conc. 20 x 65
(4) Clean Conc.- 20 x 65
(7) Rough Feed 8 x 20
(8) Clean Peed 8 x 20
(9) Rough Feed 20 x 65
(10) Clean Feed 20 x 65
(11)' #L Composite
(12) #2 composite
(5) #3 Composite
(6) #4 Composite
(13) #5 Composite '
(14) Humphrey Sizer Concrete 12/3/75 9:00 a.m.
EXPERIMENTAL

I) Humphrey Sizer

s

l. Separation
The rock and fiber were separated from the vermiculite plates

by band-picking.

2. Metl'lod of Analysis
Each portion has been weighed carefully and then x-rayed for

their mineral content.

2015285
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" To: H. C. Duecker ’ Libby Ore Evaluation -
_ Ore Impurities

From: Julie C. Yang
FPeb. 23, 1976

ﬁnnr)-als
VO Oar ¢

CONCLUSIORS
1. The possible tremolite content of end products of each size and of concen-
trates from the three circuits are: :

Circuit Tremolite Contents, percent
Range Mean

Humphrey Sizer 2.70 - 2.72 . 2.71

8 x 20
Rough anncantrate 6.21 - 0.71 0.L46
Clean concentrate 0.10 - 0.59 0.35

20 x 65
Rough concentrate o.4 - 0.8 0.63
Clean concentrate 0.7k - 1.20 0.97

End Product

Composites #1 1.67 - 2.17 1.92
#2 4,72 - 5.22 L.o7
#3 0.41 - 0.89 0.65
#4 0.52 - 1,00 0.76
#5 3.5 - 3.97 3.1

2. Based on the experimental data, the approximate amount of tremolite present
in tons per day, out of each of the three cireuits, will be as follows:
Total Materials out of, Mean Tremolite Content
(tons/day)

Circuit the circuit (tons/dey)
Humphrey Sizer 220 5.96
8 x 20 295 1.16
20 x 65 513 4,10
*
based on 22 Zsirs in a day.

3. The #2 composite showed the highest tremolite content (even more so than
#5), and the fibers Present are mostly in heavy bundle form, visible to
the eye. This fact is also true for-the material in the 8 x 20 circuit
and other coarse end products #1 and #3. The tendency of fiber balling in
the 20 x 65 circuit shows that the fibers are more opened or in thinner
bundles in addition to soms extra fines distributed throughout the end
- products #4.and #5, which will lead to the belief that there is some degree

of down screening.

20152824
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03627774

CHARACTERIZATION AND PREPARATION
' OF RESPIRABIE SIZED TREMOLITE
FIEER AND VERMICULITE
FOR ANIMAL STUDIES

by: Julie C. Yang

April 8, 1976

20152845
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CAMBRIDGE ‘ 03627718
TO: H. C. Duecker DATE: April 8, 1976
FROM: Julie C. Yang SUBJECT: Characterization and Preparation

of Respirable Sized Tremolite
Fiber and Vermiculite

cc: H. A, Brown
for Animal Studies

J. W, Wolter
‘He A. Eschenbach

R."H. Locke
File: 71-0&8&

PURFOSE

The objectives of this study are to find out the size distribution and
concentration of the respirable size fibers and vermiculite on the air filter -
collected by the the Industriel Bygiene.and Environmental Health group in the
field, and to prepare the samples corresponding as closely as possible to
these air filter material, for animal studies.

ATR FILTER STUDY

Several randomly collected air samples from Libby at fairly long time
intervals were collected for fiber contents and submitted to Arthur D. Little

for sizing and distribution studies.

Two samples were sent:

‘Samgle No. Collecting Time Fiber Count (Optical/40 Fields)
22260P-1 248 mins. : 0.18 Fiber/cc air
-22260P-2 300 mins. 2.15 Fiber/cc air

The results from Arthur D. Little are shown in Tables 1 and 2, Fig-
ures 1 ~ 3; and conclusions reached are summarized as follows:

1) On the air filter the respirable sized vermiculites and tremolite
fivers are roughly in 50-50% ratio.

2) The respirable size tremolite fibers are mostly less than 10 microns
(< 8 510 n size), and the geometric meen length of the fibers is

around 3.1 a. '

2} Mup respirable size vermiculites are also less than 10}1, having an
‘average size about 5 u.

4) The aspect ratio of the fibers is in the range of 11 to 15 a.

5) Computation shows that the fiber counting with SEM (scanning electron
microscope )@ 20,000 magnificaticn. The total numbers of fibers found
per unit area (1 cm®) is about seven times in number of the fibers
found by opticel microscope counting at 400 magnification.

068ETX02102
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Re: Animal Studies

'i?o.: H. C. Duecker
April 9, 1976

From: J. C. Yang

03627779
SAMPLE PREPARATIONS

After we characterized what we have on the air filter, attempts
were made to prepere both respirable sized vermiculite and tremolite fibers
as closely as possible to those found on the air filter.

From previous research work (report on Libby Ore Evaluation - Ore
Impurities, 2/23/76) we have found that Libby #2 vermiculite product has
the highest tremolite fiber content in the order of 5% by weight. Since
the sizes of #2 are fairly and easily to be handpicked, it is used as a
starting source for toth tremolite and vermiculiic.

. The tremolite fiber bundles picked out from Libby #2 are fairly clean
and free of rocks, greyish in color, soft, and sometimes waxy in touch. They
broke down easily to fine fibrils when degraded, which looked extremely
similar to those found on the filter or floating in alr in the Libby opera-
tion, which are quite different than the tremolite found in associated veins
in rock form; they are generally harder and harsher, most of which were
removed in the floatation process. ’

1) Tremolite Fiber

a) Cleaning A
Tremolite £iber bundles were hand-picked from Libby #2 product, cleaned

with acetone and then distilled water. The bundles were then opemed with

Waring Blender for 2 minutes at high speed, filtered and dried in the oven

at 105°C. for about four hours.

b) Milling

' .The oven-dried material was Spec-milled in 0.5 g batch for a total
of 45 seconds; but after each 10 seconds milling interval the mill was
stopped and the material reruffled to avoid excessive packing.

The Spec-milled samples were then chilled in dry ice-acetone batch,
chilling at.low temperature increases the brittleness of the fibers and
makes them easier to be pulverized. The chilled fibers were subjected
to a Wiley mill with a built-in 60 mesh screen, a mill which has been
designed especially for milling fibers. The Wiley milling was repeated
another three times. Between runs the material has to be chilled again

thoroughly with dry ice.
c) Sedimentation

¢ 0.8 g of the Wiley milled semple (mostly 2-4 u in size, some up to
30 1 with some bundles under light microscope) was dispersed in two liters
of distilled water, allowed to stend for 20 minutes; then, decant the
c¢loudy solution into 250 ml or 500 ml graduated cylinders which were
employed as sedimentation columns, and dilute the solution to twice its
volume with distilled water, The solutions in each column were lightly
stirred and allowed to settle for twenty minutes. The cloudy solution
was then filtered by an HA type Millipore filter of O.45 u. However,
the filterate looked ‘extremely clear and showed some small particles under

the microscope.

2015244,
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To: H. C. Duecker ' , Re: Animal Studies
From: J..C. Yang " April 9, 1976

036277780

The so0lid collected from the beaker and the column were recombined
and treated with another 2 liters of distilled water, poured into columns
and allowed to stand overnight. The cloudy Solution was again decanted
and filtered through the Millipore. Coarse solid remained at the bottom
of the column from the second sedimentation, was filtered and saved for
future remilling. The five fibers collected on the top of the Millipore
were then examined by light microscope. It was found most of the parti-
cles were around 2 j, and a few long fibers up to 20 .

_d_)_‘ Cleaning and Resizing

_The finished crude product from step ¢. ‘was redispersed in the order
of 2 g/li 1liter distilled water, and allowed to stand in columns for over
half an hour. The decanted cloudy solution (about twice as dense as solu-
tion in step c.) was then filtered through Millipore filter. The solid
left at the bottom of the column was dispersed again, ultrasonically, for
2 minutes in LOO ml water. The milky solution was then diluted to another

" I liters and allowed to settle in columms for a final 20 minutes. The

fines were collected on Millipore by filtering the decanted liquid, dried
as examined by light microscope. The product has mostly 2 m in size, very
few larger fibers but a few up to 10 u. The solid remained from decanta-
tion was again filtered and saved for future remilling.

_2_) Vermiculite

a. Cleaning

' The vermiculite platlets were also hand-picked from Libby #2 product,
cleaned in Soxhlet extractor with isopropyl alcohol, thea acetone, and
finally water to remove all the trace of organic contaminants used in the
flotation process; then oven-dried at 105°C. for several hours.

b. Milling
The oven-dried vermiculite was then chilled with acetone and dry-ice
mixture, Spec-milled in 2 g batches for 10 minutes. At the end of 5 min-

utes, the mill was stopped and the material was reruffled.

c. Screening

The milled sample was screened with 325 mesh screen. The -325 mesh
product showed the desirable respirabls size., Most of the particles were
2 - 4 », Some large plates were about 10 -15 m. The +325 mesh material
was also collected and saved for future remilling.
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Pe: Animal Studies

. 'lb:'- H. C. Duecker -
. " April 9, 1976

From:

3)

J. C. Yang

Proportioning

5 g of tremolite and 5 g of vermiculite, prepared from step 1) and

-2) respecfively, wvere carefully weighed out on a semimiero balance, and

then transferred to a I oz. size wide-mouth glass bottle in which some
silver wires were added to break up the powder surface when mixed on a
roller mill. The mixing was carried out for about 16 hours, Because of
the morphology and density difference, it will be suggested to Dr. Smith
that when this sample is being used for animal study, an appreciable
quantity (such as 1 or 2 grams) is taken, then dispersed in the saline
medium ultrasonically, prior to use. The purpose of doing this will
eliminate the localized inhomogenity end selectiveness of a very small

sample,

Characterization

The respirable-sized fibers (2260P-4 and 22250P-5) have been sent
to A. D. Little for sizing and comparison with the fiber found on the air
filter., The results are also shown in Tables 1 and 2, Figures 7 and 8.
Scanning electron micrographs of these materials are shown in Figures 9 -

lo. :

Results from A. D, Little and our own microscopic sizing indicated
that the respirable size fibers and vermiculite which we prepared are
very similar to those on the air filter. However, sample 22260P-L is a
fiber sample of finer size, extremely time-consuming to obtain in large
quantities. We have then teken a different approach to obtain 22260P-5
which is slightly coarser than 22260P-k. The two samples of 8 grams each
we have  submitted to Dr. W. Smith are:

1. 22260P=5 =~ respirable sized tremolite fiber

2. 22263P-2 - a mixture in 50-50% of respirable sized tremolite
fiber (22260P-5) and vermiculite (22263P-1)

The final characterization of samples will be made by Walter McCrone

Associates:
1. 22260P-5 respirable sized tremolite fiber
2. 22263p-1 respirable sized vermiculite
3. '22263P—3 a saline suspension of 222637-2 will be prepared

by W. Smith's group for animal studies.

{
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" To:. H. C. Duecker : Re: Animal Studies

- From: J. C. Yang ' © April 9, 1976
03627782

5) Sample Preparation for Animal Injection Studies

Dr. Smith's group has been preparing samples by -dispersing 2 g of
the solid in 40 ml 0.9 g saline solution in a 100 ml Erlenmeyer flask,
then autoclaved for 15 minutes at 15 ~20 psi to sterilize the material.
After it was cooled off, the mixture was shaken by hand and drawn into
a syringe in 1 ml aliquot for injection.

By observing the preparations made with R. T. Vanderbilt sample
(talc and tremolite mixture), solid settled very quickly in the saline
solution fmmediately after shaking. Employing such technique, I would
. expect the animals got different doses of material depending on the
technique of the operator and the rate of settling at that specific time.
In addition, the fibers present may be in bundles or small balls not fully

opened.

) As a result, I have recommended the use of ultrasonic dispersion.
The saline suspension after autoclaved should be subjected to a 10 minmute .
sonic dispersion. It has been demonstrated the respirable sized material
was suspended guite uniformly for an hour or more without settling. In
case of any fiber balls or bundles present, they will be fully opened and

dispersed, too.

Each animal will get 1 ml of the suspension which has 25 mg of the

solid theoretically.

e

o o oy

Julie C. Yang

JCY :mlr
attachments

068ETX02106



TABIE 1
. 03627%33

SUMiARY OF LEHGTH DATA

- No., 1 : No. 2 22260-P4 22260-P5
(Total No.) ' : - L, .

Range (IJ) N " Cum % "N Cum % N - Cum ¥ ]1 . Cum %
<0.3 2. 4 0 0 0. 0 o -0
0.3-0.4 6 14 . 1. 1 1 1 ‘0 . 0 .
0.4-0.5 4 21 1 2 4 4 T 1
0.5-0.6 6 32 1 2 3 .7 2 3
0.6-0.7 0 32 2 4 5 12 S0 3
0.7-0.8. 7 44 5 8 3 14 3. 5
0.8-0.9 2 47 4 11 -3 - 77 3 9.
0.9-1.0- 1 49 0 11 . 4 20 2 11 .
1.0-1.1° . 2 . 53 3 14 7 27 .7 . 8. -

"1.1-1.2 T 54 . 15 3 29 2 20
1.2-1.3 3 - 60 4 18 L 34 .2 . .22
1.3-1.4 0 60 2 20 -1 35 7-- - 29
1.4-1.5 . 0 60 5 24 4 38 7 - 35
1.5-1.6 1 61 1 24 4 42 . 5 4
1.6-1.7 1 63 4 28 5 46 1 42
1.7-1.8 2 67 0 28 0 46 - 2. .44
1.8-1.9 0 67 1 28 4 50 6 50
1.9-2.0 2 70 2 30 1 50 - 3 53

. 2.0-2.5 0 70 4 33 7 57 10 63
2.5-3.0 3 75 16 46 13 68 12 . 75
3.0-3.5 1 77 6 51 8 76 3 78
3.5-4.0. 0 77 8 58 . 6 81 . 4 82
4.0-4.5 2 81 9 65 1 82 0 82
4.5-5.0 1 82 2 67 3 85 . 2 . 84
5.0-6.0 0 82 13 77 4 88 5 © -89
6.0-7.0 2 85 2 79 4§ 92 -6 . 95
7.0-8.0 c4 93 9 86 4 96 2 - .97,
8.0-9.0 2 96 3 89 2 97 1 - 98
9.0-10.0: 0 96 3 91. 2 99 0 a8
>10.0 2 100 11 100 1 100 2 100

Total 58 123 113 125 '
{

30152851

- Arthur O Little inc
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TABLE 2

0362'7'784

SUMMARY DATA FROM A. D, LITTLE

Sample No.: 22260P-1 22260P-2
Total Fibers Counted 5T 123
Arithmatic Means
Length (n) 2.59 4.3k
Width (pm) ‘ 0.26 0.39
Average of Aspect Ratio 15.85 15.86
Mass ( 10-12g) 0.5218 2,046k
Geometric Means
Length (pu) 1.38 3.11
Std. Deviation/Avg. Length 6.6 3.5
width (m) . 0.12 0.27
Average of Aspect Ratio 12.01 11.ke
Mass ( 1071%g) 0.0571 0.7162
Fibers/cm? ' 52,660 295,430
Fiber Mass/cm? (lO‘? g) 27.5 605.4

J.C.Yang 4/8/76

U068ETX02108

22060P-4

13

2.76

0.i5
22.50

0.1925

1.97
2.4
0.12
16.147
0.0880

20152852

22260P-5

125

2.79

0.2%
13.39

0.4982

2.07
2.0
0.20
10.36
0.2584
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Poor Quality Source
Document

The following document images
have been scanned from the best
available source copy.

To view the actual hard copy, contact the
Superfund Records Center at (303) 312-6473.
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FIGURE 9

SEM OF RESPIRABLE SIZE TREMOLITE
FIRER PREPARED (22260P-4)
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FIGURE 4V

SEM OF RESPIRABLE SIZE TREMOLITE FIBER
PREPARED AND SUBMITTED TO DR, W. SMITH
(22260P-5)
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AL

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION 8
998 18™ STREET - SUITE 300
DENVER,  CO . 80202-2466
Phone 800-227-8917
http:/iwww.epa.govi/region08

Ref: ENF-L

‘February 22, 2002

BY FACSIMILE AND U.S. MAIL

Katheryn J. Coggon, Esq.
Holme Roberts & Owen LLP
1700 Lincoln Street, Suite 4100
Denver, Colorado 80203-4541
Fax: (303) 866-0200

Re: - Julie Yang Deposition

Dear Ms. Coggori:

Thank you for your assistance in setting a time and place for the deposition of Dr. Julie
Yang. We have agreed that the deposition will occur on August 22 and 23, 2002 in San Jose,
California. I will inform you of the exact address in the near future. Pursuant to your request, we

, will attempt to limit the deposition to six hours per day. While EPA will make every attempt to

limit the length of the deposition as discussed, we reserve the right to continue the deposition if
full discovery cannot be completed. In addition, we have agreed that if Dr. Yang must postpone
her deposition to go to China, W.R. Grace commits to make her available during the pendency of
the discovery period.

As you are aware, Ms. Yang was the author or recipient of many documents concerning

* the asbestos content of Libby vermiculite. Pursuant to Paragraph 7 of the court’s September

6, 2001 Order, the parties have stipulated as to the “foundation and authenticity for all written
documents produced in pre-trial disclosure and during the course of discovery,” unless a party
objects to either with specific objections in writing within a reasonable time after receiving the
document. Pursuant to this stipulation, I am assuming that W.R. Grace does not object to the

a Printed on Recycled Paper



foundation or authenticity of the documents it has produced to the EPA or the United States. If
this is not true, please notify me immediately, as it will obviously affect the time needed for Dr.
Yang’s deposition.

~ Sincerely,

U &7 ot

Matthew Cohn
Legal Enforcement Program

cc: James D. Freeman, DOJ
Heidi Kukis, DOJ
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